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(54) Method of manufacturing modified particles and manufacturing device therefor 



(57) Particles containing a monomer A are exposed 
to a super-saturated vapor of a monomer B which differs 
from and is polymerizable with monomer A, thereby con- 
densing monomer B on the surface of the particles. Po- 
lymerization of monomer A and monomer B simply and 
rapidly produces spherical modified particles of uniform 
diameter. 
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Description 

[0001] The present Invention relates to a method of 
manufacturing modified particles for modifying particles, 
for example, the surface of particles, and to a device for 
manufacturing such modified particles. 
[0002] Recent years have seen implementation of 
many surface modification methods, In which, in order 
to modify surface properties of various particles, these 
particles are treated with a surface-modifying agent to 
form a film of surface-modifying agent on the surface of 
the particles; methods, in other words, of manufacturing 
surface-modified particles by covering the surface of 
particles with surface-modifying agent. Methods of man- 
ufacturing surface-modified particles include the dry 
process, kneading methods, stirring methods using a 
medium (methods of performing surface modification in 
a liquid phase), methods of performing surface modifi- 
cation in a gaseous phase, the spray-dry method, etc. 
[0003] For example, Fine Particle Engineering: Fun- 
damentals and Applications of Distribution, (Japan Par- 
ticle Industry and Technology Association, Ed., Asakura 
Shoten Co., Ltd., First Ed., First Printing, June 25, 
1 994), pp. 1 23-36, discusses a method of manufacturing 
covered compound particles using a dry-type grinder 
(such as a high-speed rotation type impact grinder, 
grinding mill, ball mill, roll mill, medium stirring type 
grinder, or jet mill) to bond to the surface of particles in 
the form of a powder a different substance (surface- 
modifying agent) in the form of a powder, thereby mod- 
ifying surface properties of the particles. 
[0004] However, in the foregoing conventional parti- 
cle-modifying method, surface modification processing 
causes the particles to become electrically charged, 
which makes It difficult to handle the particles thereafter. 
Moreover, an extremely long time is required for surface 
modification processing. A further problem is that the 
operations of surface modification processing are com- 
plicated, and require an expensive device. In addition, 
the foregoing particle modification method was unable 
to obtain spherical modified particles of uniform diame- 
ter which contain a polymer or are covered with a poly- 
mer film. 

[0005] Another method similar to the foregoing meth- 
od of manufacturing surface -modified particles is one in 
which the surface of particles is covered by condensing 
a vapor thereon, thus increasing the size of the particles. 
Methods of this type include, for example, a method of 
collecting dust particles using the dust collecting device 
disclosed in Japanese Unexamined Patent Publication 
No. 52-9182/1977 (Tokukaisho 52-9182), and the parti- 
cle measurement method disclosed in Japanese Unex- 
amined Patent Publication No. 62-22592671987 (Toku- 
kaisho 62-225926) . A similar method is also disclosed 
in Japanese Unexamined Patent Publication No. 
7-83820/1995 (Tokukaihei 7-83820). With each of the 
foregoing methods, spherical shape-modified particles 
of substantially uniform size can be obtained. 



[0006] Further, since the chief object of the methods 
disclosed in each of the foregoing publications is simply 
to increase the particle diameter, substances such as 
water and alcohol, which are liquid at room temperature, 

5 are used as the vapor. 

[0007] Further, EP 0 794 01 7 A2 discloses a method 
of forming a film of surface-modifying agent on the sur- 
face of particles by exposing them to a super-saturated 
atmosphere of the surface-modifying agent for modify- 

io ing surface properties of the particles, causing the sur- 
face-modifying agent to condense on the surface of the 
particles. 

[0008] However, the surface-modifying agent is va- 
porized in each of the foregoing methods; none of them 

is gives any particular thought to forming on the surface of 
the particles a surface-modifying agent which is solid at 
room temperature and atmospheric pressure. This 
leads to the problem of limitation of the materials which 
can be used, because materials which do not vaporize, 

20 such as resins (polymers), cannot be used. 

[0009] In this way, the foregoing conventional meth- 
ods are unable to perform surface treating of particles 
using a surface-modifying agent which is solid at room 
temperature and atmospheric pressure, without electri- 

zs cally charging the particles, using a simple device and 
operations, and in a short time. For this reason, a meth- 
od of manufacturing modified particles which is capable 
of performing surface modification of particles with a 
surface-modifying agent which is solid at room temper- 

30 ature and atmospheric pressure is called for, as is a 
manufacturing device for use therein. 
[0010] The present invention was created in light of 
the foregoing problems with the conventional methods, 
and it is an object hereof is to provide a method of man- 

3S ufacturing modified particles which is capable of forming 
a film of surface-modifying agent made of polymer on 
the surface of particles, without electrically charging the 
particles, using a simple device and operations, and in 
a short time. 

40 [0011] Further, another object of the present invention 
is to provide a method of manufacturing modified parti- 
cles which is capable of obtaining, with simple opera- 
tions and in a short time, spherical modified particles of 
uniform diameter, covered with a film made of a polymer 

45 of a monomer A and a monomer B. 

[0012] A further object of the present invention is to 
provide a method of manufacturing modified particles 
which is capable of forming a thick polymer film on the 
surface of particles, and of forming a plurality of polymer 

50 films having different functions on the surface of parti- 
cles. 

[0013] With the foregoing conventional particle mod- 
ification methods, byproducts, etc. produced in the po- 
lymerization reaction during surface modification 
55 processing, such as inorganic salts like sodium chloride 
and active gases like hydrochloric acid gas, and unre- 
acted substances (substances which did not undergo a 
polymerization reaction) are mixed into or attached to 
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the surface of the modified particles as Impurities. Ad- 
mixture or attachment of such impurities gives rise to 
problems such as, when the Impurities are, for example, 
inorganic salts, difficulty in electrically charging the mod- 
ified particles, deterioration of the modified particles, 
etc. in subsequent handling. In other words, admixture 
or attachment of Impurities has adverse effects on the 
modified particles. 

[001 4] Accordingly, a further object of the present in- 
vention is to provide a method of manufacturing modi- 
fied particles which is capable of resolving the foregoing 
problems by eliminating impurities, and a manufacturing 
device suited to manufacturing such modified particles. 
[001 5] In order to attain the foregoing objects, a meth- 
od of manufacturing modified particles according to the 
present invention includes the steps of: exposing parti- 
cles containing a monomer A to a super-saturated vapor 
of a monomer B, which differs from the monomer A and 
is polymerizable therewith; and condensing the mono- 
mer B on the surface of the particles, and causing a po- 
lymerization reaction between the monomers A and B 
on the surface of the particles. 

[001 6] With the foregoing method, since a film of the 
polymer made of the monomers A and B on the surface 
ol the particles can be formed in a gaseous phase, sur- 
face modification of the particles can be performed us- 
ing simpler operations and in a shorter time than with 
conventional methods. Consequently, the operations of 
the foregoing method are simple, and it can be imple- 
mented using a simple and inexpensive device. 
[0017] Moreover, with the foregoing method, since 
surface tension acts on the film of the monomer B con- 
densed on the surface of the particles, spherical modi- 
fied particles of uniform diameter can be obtained. In 
addition, with the foregoing method, since the particles 
are not stirred, the modified particles are not electrically 
charged, and it is easier to handle the modified particles 
obtained. 

[001 8] Accordingly, with the foregoing method, spher- 
ical modified particles of uniform diameter, which con- 
tain a polymer of the monomers A and B, can be ob- 
tained with simple operations and In a short time. 
[0019] Another method of manufacturing modified 
particles according to the present invention includes the 
steps of: exposing core particles to a super-saturated 
atmosphere of a monomer A, thus causing the monomer 
A to condense on the surface of the core particles; ex- 
posing the core particles with the monomer A con- 
densed on the surface thereof to a super-saturated at- 
mosphere of a monomer B, which differs from the mon- 
omer A and is polymerizable therewith; and condensing 
the monomer B on the surface of the core particles, and 
causing a polymerization reaction between the mono- 
mers A and B on the surface of the core particles. 
[0020] With the foregoing method, since the particles 
are not stirred, the modified particles are not electrically 
charged, and it is easier to handle them. In addition, with 
the foregoing method, modified particles can be manu- 
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factured in a shorter time than with methods of manu- 
facturing modified particles which use stirring, etc. of 
particles. 

[0021] Further, with the foregoing method, vapors of 
5 the monomer A and of the monomer B are condensed 
on the surface of the core particles, and thus the liquid 
monomers A and B can be distributed more uniformly 
thereon. Further, with the foregoing method, since sur- 
face tension acts on the films of the monomers A and B 
10 condensed on the surface of the core particles, a poly- 
mer film of uniform thickness, made of a polymer of the 
monomers A and B, can be formed on the surface of the 
core particles, thus covering the core particles with the 
polymer film. 

*s [0022] Accordingly, with the foregoing method, spher- 
ical modified particles of more uniform diameter, cov- 
ered with a film made of a polymer of the monomers A 
and B, can be obtained with simple operations and in a 
short time. 

20 [0023] A further method of manufacturing modified 
particles according to the present invention may include, 
after the polymerization step, the additional step of: 
eliminating impurities contained in the particles obtained 
in the polymerization step. 

2S [0024] The foregoing method can eliminate impuri- 
ties, including byproducts, etc. produced in the polym- 
erization reaction during surface modification process- 
ing, such as inorganic salts and active gases, and un- 
reacted substances (substances which did not undergo 

30 a polymerization reaction), i.e., impurities mixed into or 
attached to the modified particles. In other words, the 
foregoing method is capable of manufacturing modified 
particles from which impurities have been eliminated. 
Accordingly, since the adverse effects of impurities on 

36 the properties of the modified particles can be eliminat- 
ed, in subsequent handling of the modified particles, for 
example, electrical charging is made easier, and dete- 
rioration of the properties of the modified particles can 
be minimized. 

40 [0025] A further method of manufacturing modified 
particles according to the present invention preferably 
uses for the monomer A or the monomer B a compound 
having two or more sulfonyl halide groups. 
[0026] With the foregoing method, by using for at least 

45 one of the monomers A and B a monomer which has 
two or more sulfonyl halide groups, the polymerization 
reaction can be performed faster than when using other 
combinations of monomers, and a polymer film can be 
formed more easily on the surface of the particles. 

so [0027] In order to attain the foregoing objects, a de- 
vice for manufacturing modified particles according to 
the present invention includes: a particle introducing 
section, which introduces particles containing a mono- 
mer A; a condensing section, in which is formed a super- 

ss saturated vapor of a monomer B differing from the mon- 
omer A and polymerizable therewith; and a mixing sec- 
tion, which exposes the particles introduced by the par- 
ticle introducing section to the super-saturated vapor of 
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the monomer B formed in the condensing section, thus 
causing the monomer B to condense on the surface of 
the particles, and causing a polymerization reaction be- 
tween the monomers A and B on the surface of the par- 
ticles. 

[0028] With the foregoing structure, the mixing sec- 
tion produces the modified particles by causing a polym- 
erization reaction between the monomers A and B on 
the surface of the particles. In short, since the particles 
are not stirred In the mixing section, the modified parti- 
cles obtained are not electrically charged, and thus are 
easily handled. In addition, with the foregoing structure, 
modified particles can be manufactured in a shorter time 
than with manufacturing methods which perform stir- 
ring, etc. of the particles. Consequently, a manufactur- 
ing device with the foregoing structure is simple and in- 
expensive, and its operations are also simple. 
[0029] Moreover, with the foregoing structure, since 
surface tension acts on the film of the monomer B con- 
densed on the surface of the particles, spherical modi- 
fied particles of uniform diameter can be obtained. Ac- 
cordingly, with the foregoing structure, a manufacturing 
device can be provided which is capable of obtaining, 
with simple operations and in a short time, spherical 
modified particles of uniform diameter, which contain a 
polymer of the monomers A and B. 
[0030] Additional objects, features, and strengths of 
the present invention will be made clear by the descrip- 
tion below. Further, the advantages of the present in- 
vention will be evident from the following explanation in 
reference to the drawings. 

[0031] Figure 1 is a cross-sectional drawing showing 
a particle modifying device according to an embodiment 
of the method of manufacturing modified particles ac- 
cording to the present invention. 
[0032] Figure 2 is a cross-sectional drawing showing 
another particle modifying device according to an em- 
bodiment of the method of manufacturing modified par- 
ticles according to the present invention. 
[0033] Figure 3 is a cross-sectional drawing showing 
a further particle modifying device according to an em- 
bodiment of the method of manufacturing modified par- 
ticles according to the present invention. 
[0034] Figure 4 is a cros6-sectional drawing showing 
a particle modifying device according to another embod- 
iment of the method of manufacturing modified particles 
according to the present invention. 
[0035] Figure 5 is a cross-sectional drawing showing 
another particle modifying device according to another 
embodiment of the method of manufacturing modified 
particles according to the present invention. 
[0036] The following will explain one embodiment of 
the present invention with reference to Figures 1 
through 3. 

[0037] The method of manufacturing modified parti- 
cles according to the present embodiment is a method 
of exposing particles containing a monomer A to a su- 
per-saturated vapor of a monomer B, which has a higher 



boiling point than the monomer A and is polymerizable 
therewith, thus causing the monomer B to condense on 
the surface of the particles, and causing a polymeriza- 
tion reaction between the monomers A and B on the sur- 
5 face of the particles. 

[0036] Particles wh ich may be used in the present em- 
bodiment include, for example, aerosol particles, mist 
particles, and fume. The primary particle diameter of 
these particles is preferably from several nm to several 

10 urn Further, the particles In the present embodiment 
may be liquid particles, or they may be solid particles. 
[0039] The particles in the present embodiment may 
be made of the monomer A alone, or they may be mixed 
particles obtained by mixing the monomer A with a base 

*5 material. When particles made of the monomer A alone 
are used for the particles, spherical polymer particles of 
uniform diameter can be easily obtained. When mixed 
particles of the monomer A and a base material are used 
for the particles, the particles themselves can be given 

20 a plurality of functions. 

[0040] For the base material in the foregoing mixed 
particles, inorganic particles, organic particles, etc. may 
be used. Examples of inorganic particles which may be 
used include particles made of water (water droplets); 

25 particles made of metals or metal compounds, such as 
titanium oxide, iron oxide, magnesium oxide, kaolinite, 
ocher, chrome yellow, Prussian blue, zinc sulfide, bari- 
um sulfate, aluminum hydroxide, ultramarine, calcium 
carbonate, silica, alumina, gold, silver, bronze, alumi- 

30 num. alloys such as stainless 6teel, and magnetite 
black; and particles made of inorganic compounds, such 
as carbon black, glass beads, and ceramics. For carbon 
black, any type of carbon black manufactured by known 
methods such as the contact method, furnace method, 

3S thermal method, etc. may be used, 

[0041] Examples of organic particles which may be 
used include particles made of saturated or unsaturated 
aliphatic hydrocarbon compounds (which may include a 
functional group), alicyclic hydrocarbon compounds 

40 (which may include a functional group), aromatic hydro- 
carbon compounds (which may include a functional 
group), and heterocyclic compounds (which may in- 
clude a functional group). The functional group which 
the compound making up the organic particles may in- 

45 elude is not limited to any group in particular, but may 
be, for example, a monatomic group such as an amino 
group (-NH 2 ), a hydroxyl group, an aldehyde group (- 
CHO), a halogeno group, a carboxyl group, a carbamoyl 
group, a haloformyl group (-CO-X, where X is a halo- 
so gen), an isocyanate group, a nitro group, a sulfonyl 
group, an alkoxyl group, or a nitrile group; a diatomic 
group such as an imino group (-NH-), a keto group, a 
group which forms an ester bond shown by "-COO-" 
(hereinafter referred to as an "ester bond group"), a 

55 group which forms an amide bond shown by "-CO-NH- 
■ or "-CO-NR 1 -" (where R' is a hydrocarbon group which 
may include a functional group) (hereinafter referred to 
as an 'amide bond group"), a carboxylic anhydride 
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group (-CO-0-CO-), or a sulfuryl group; or a triatomic 
group such as a nitrilo group. 

[0042] Further, pigments and dyes, synthetic resin 
particles, latex particles* pharmaceuticals, etc. may be 
used for the organic particles. Examples of pigments s 
which may be used include azo pigments such as azo 
lake pigments, insoluble azo pigments, condensed azo 
pigments, and chelated azo pigments; polycyclic pig- 
ments such as phthalocyanine pigments, perylene pig- 
ments, perynone pigments, anthraquinone pigments, io 
quinacrkJone pigments, dioxazine pigments, thio-indigo 
pigments, isoindolinone pigments, and quinophthalone 
pigments; nitro pigments, nitroso pigments, and aniline 
black. Examples of dyes which may be used include 
acidic dyes (such as dye lakes like basic-dye-type lake « 
and acidic-dye-type lake), basic dyes, direct dyes, reac- 
tive dyes, disperse dyes, oilbased dyes, food colorings, 
and fluorescent brightening agents. Examples of syn- 
thetic resin particles which may be used include polyes- 
ter resin particles, polyamide resin particles, polyvinyl 20 
chloride resin particles, polyurethane re6in particles, 
urea resin particles, polystyrene resin particles, parti- 
cles of styrene-acrylic copolymers (copolymers of sty- 
rene and derivatives of (methjacrylic acid), polymethyl 
methacrylate particles, melamine resin particles, epoxy 2s 
resin particles, and silicone resin particles. With regard 
to pharmaceuticals, particles of aspirin, indomethacin, 
isoproterenol, etc. may be used. 
[0043] In the present embodiment, the base material 
may also be particles (core particles) which are mixed 30 
solid particles obtained by mixing two or more solid sub- 
stances; a solution of particles obtained by dissolving a 
solid substance such as a dye or a pigment in a solvent; 
particles dispersed in a liquid, obtained by dispersing a 
solid substance in a solvent; or mixed liquid particles, 35 
obtained by mixing two or more liquid substances. Ex- 
amples of such solvents are water; alcohols such as eth- 
anol, propanol, and butanol; potyhydric alcohols such 
as ethylene glycol and triethylene glycol; ketones such 
as methylethyl ketone and methylisobutyl ketone; nitro- *o 
gen-containing heterocyclic compounds such as N-me- 
thyl-2-pyrrolidone and e-caprolactam; aliphatic hydro- 
carbons such as hexane; alicyclic hydrocarbons such 
as cyclohexane; amides such as N-methylform amide 
and N,N-dimethylform amide; ethers such as diethyl <*s 
ether; amines such as diethylamine and triethylamine; 
sulfur-containing compounds such as dimethyl sulfox- 
ide; and aromatic hydrocarbons such as toluene and xy- 
lene. The solvent used may be one of the foregoing 
alone, or two or more of the foregoing mixed together so 
as needed. 

[0044] The method of obtaining mixed particles of the 
monomer A and the base material is not limited to any 
method in particular. For example, a liquid monomer A 
and solid particles may be stirred together, thus attach- ss 
ing the monomer A to the surface of the solid particles. 
[0045] In the present embodiment, it is sufficient if the 
monomers A and B are compounds capable of under- 



going with each other a polymerization reaction such as 
polycondensation, but it is preferable if they are com- 
pounds capable of undergoing a polycondensation re- 
action together. It is even more preferable if one of the 
monomers is a compound having at least two electron- 
donating groups, and the other monomer is a compound 
having at least two electron-withdrawing functional 
groups capable of a condensation reaction with the elec- 
tron-donating functional groups of the first monomer. 
[0046] Specific examples of combinations of mono- 
mers A and B able to undergo a polycondensation re- 
action together include combinations such as (1 ) a com- 
bination of a compound having at least two amino or im- 
ino groups and a compound having at least two halofor- 
myl groups, capable of producing a polyamide resin in 
a polycondensation reaction; (2) a combination of a 
compound having at least two amino or Imino groups 
and a compound having at least two carboxylic anhy- 
dride groups, capable of producing a polyamic acid resin 
in a polycondensation reaction; (3) a combination of a 
compound having at least two amino or imino groups 
and a compound having at least two aldehyde groups, 
capable of producing a polyazomethine resin in a poly- 
condensation reaction; and (4) a combination of a com- 
pound having at least two amino or imino groups (such 
as diamine) and a compound having at least two car- 
boxyl groups (such as dicarboxylic acid), capable of pro- 
ducing a polyamide resin in a polycondensation reac- 
tion. 

[0047] The foregoing combinations (1 ) through (4) are 
preferable because each has high reactivity, and the re- 
spective resins obtained by the reaction can be formed 
in a short time. Further, of the foregoing combinations, 
combinations (1 ) through (3) are even more preferable, 
because reactivity between the monomers A and B is 
especially high. Each of the monomers A and B may be 
a single monomer, or may be two or more monomers 
mixed together as needed. 

[0048] Incidentally, polyamic acid resin is a resin ca- 
pable of producing polyimide resin through a dehydra- 
tion reaction (imidization) resulting from heating. Fur- 
ther, polyazomethine resin is a resin produced by the 
dehydration polycondensation reaction shown by the 
following reaction formula: 

n HgN-R, -NH 2 + n OHC-R 2 -CHO -> 
-(-R 1 -N=CH-R 2 -CH=N-) n - + 2n H 2 0 

(Here, R, and R 2 are hydrocarbon groups, each of which 
may include a functional group.) 
[0049] In the present invention, the compound having 
at least two amino or imino groups (hereinafter referred 
to as "polyamine") has a structure equivalent to a com- 
pound having two or more hydrogen atoms bonded to 
carbon atoms (hereinafter referred to as "compound (I) 
"), except that amino and/or imino groups are substitut- 
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od for two or more (or, when compound (I) has an amino 
group or an imino group, one or more) of the hydrogen 
atoms of compound (I). 

[0050] In the present invention, the compound having 
at least two haloformyl groups (hereinafter referred to 
as "poryacyl halide") has a structure equivalent to com- 
pound (I), except that haloformyl groups are substituted 
for two or more (or, when compound (I) has a haloformyl 
group, one or more) of the hydrogen atoms of compound 

(I) . 

[0051] In the present invention, the compound having 
at least two aldehyde groups (hereinafter referred to 
simply as "polyaldehyde") has a structure equivalent to 
compound (I), except that aldehyde groups are substi- 
tuted for two or more (or, when compound (I) has an 
aldehyde group, one or more) of the hydrogen atoms of 
compound (I). 

[0052] In the present invention, the compound having 
at least two carboxylic anhydride groups (hereinafter re- 
ferred to as "polycarboxylic anhydride") has a structure 
equivalent to a compound having four or more hydrogen 
atoms bonded to carbon atoms (hereinafter referred to 
as 'compound (II)'), except that carboxylic anhydride 
groups are substituted for four or more (or, when com- 
pound (II) has a carboxylic anhydride group, two or 
more) of the hydrogen atoms of compound (II). 
[0053] Examples of compounds (I) and (II) include 
saturated or unsaturated aliphatic hydrocarbon com- 
pounds (which may include a functional group), alicyclic 
hydrocarbon compounds (which may include a function- 
al group), aromatic hydrocarbon compounds (which 
may include a functional group), and heterocyclic com- 
pounds (which may Include a functional group). Exam- 
ples of the functional group which compounds (I) and 

(II) may include are, for example, a monatomic group 
such as an amino group, a hydroxyl group, an aldehyde 
group, a halogeno group, acarboxyl group, a carbamoyl 
group, a haloformyl group, an isocyanate group, a nitro 
group, a sulfonyl group, an alkoxyl group, or a nitrile 
group; a diatomic group such as an imino group, a keto 
group, an ester bond group, an amide bond group, a 
carboxylic anhydride group, or a sulf uryl group; or a tri- 
atomic group such as a nitrilo group. 

[0054] Specific examples of compound (I) include 
methane, ethane, propane, butane, hexane, heptane, 
octane, nonane, decane, dodecane, 1-heptene, 2-pro- 
panol, 2-butanone, 2-hexanone, butanoic acid, penta- 
noic acid, dipropylamine, maleonitrile, cyclohexane, cy- 
clohexene, methylcyclohexane, 1,3-cyclopentadiene, 
cyclopentanol, benzene, toluene, xylene, durene, ethyl- 
benzene, cumene, fluorene, naphthalene, phenan- 
threne, 6-phenylphenanthrene, diphenylmethane, 
triphenylmethane, 3,3'-dimethylbiphenyl, stilbene, 
1 ,4-benzoquinone, anthraquinone, anisole, chloroben- 
zene, bromobenzene, nitrobenzene, nitrotoluene, ben- 
zenesulfonic acid, benzoic acid, acetophenone, benzo- 
phenone, diphenylamine sulfate, diphenylsulfone, oc- 
tafluorobiphenyl, phenol, benzoic ethyl, benzamide, 



thiobenzamide. benzoylene urea, pyridine, 1,2,4-trla- 
zole, acridine, purine, piperazine, thiophene, thiouracyl, 
furan, benzothiazole, benzotriazole, 2,4-dihydroxypyri- 
midine sulfate, 6,7-diisopropylpteridine phosphate, 
s 2,6-dimercaptopyrimidine, 1,3-dimethyluracyl hydrate, 
6«hydroxine-2-mercaptopyrimidine, and 5-hydroxypira- 
zole. 

[0055] Specific examples of compound (II) include, 
among the foregoing examples of compound (I), those 
*0 compounds which include four or more hydrogen atoms 
bonded to carbon atoms. 

[0056] Specific examples of pofyamine include 1 ,3-di- 
aminopropane, 1,6-hexanediamine, 1,10-diamlno- 
decane, 1 ,4-diaminocyclohexane, 1,5-diaminonaphtha- 

f£ lene, piperazine, and 4,4*-diaminostilbene. It is prefera- 
ble if the polyamlne is liquid at room temperature. 
[0057] Specific examples of polyacyl halide include 
adipoyl chloride, terephthaloyl chloride, and sebacoyl 
chloride. Specific examples of polyaldehyde include 

20 terephthalaldehyde and isophthalaldehyde. Specific ex- 
amples of polycarboxylic anhydride include 1 ,2,4,5-ben- 
zentetracarboxylic dianhydride, 3,3\4,4-benzophenon- 
tetracarboxyiic dianhydride, and 1,4,5,8-naphthalentet- 
racarboxylic dianhydride. It is preferable if the polyacyl 

2S halide is liquid at room temperature. 

[0056] In the present embodiment, the method of 
manufacturing modified particles should preferably be 
a method in which, after introducing particles containing 
the monomer A into a saturated vapor of the monomer 

30 B, adiabatic expansion of the monomer B is used to form 
a super-saturated vapor atmosphere thereof and con- 
dense the monomer B on the surface of the particles 
(hereinafter referred to as the "adiabatic expansion 
method'), or a method in which the foregoing particles 

36 are cooled and then introduced into a saturated vapor 
of the monomer B, and the vapor of the monomer B is 
condensed on the surface of the particles due to mixing 
under a temperature difference (hereinafter referred to 
as the "temperature difference mixing method'). 

40 [0059] In the adiabatic expansion method, it is prefer- 
able to introduce the particles along with an inert gas 
into the saturated vapor of the monomer B. Again, in the 
temperature difference mixing method, it is preferable 
to cool the particles along with an inert gas and then 

45 introduce the particles and the inert gas into the satu- 
rated vapor of the monomer B. Using an inert gas in this 
way to introduce the particles into the saturated vapor 
of the monomer B prevents effects inappropriate in a 
carrier gas for introducing the particles into the saturated 

so vapor of the monomer B, such a6 reaction between the 
carrier gas and the monomer B or the particles. For the 
inert gas, nitrogen gas, helium gas, argon gas, etc. may 
be used. 

[0060] Further, in each of the foregoing methods, the 
55 method of obtaining the saturated vapor of the monomer 
B may be by heating the monomer B, or by pressurizing 
the monomer B. Heating the monomer B is preferable, 
because it is then easy to cool the saturated vapor of 
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the monomer B to obtain a super-saturated vapor there- 
of. 

[0061] Next, the method of manufacturing modified 
particles according to the present embodiment will be 
explained specifically, discussing an example of imple- 
mentation of the adiabatic expansion method using the 
particle modifying device 1 (manufacturing device) 
shown in Figure 1. 

[0062] As shown in Figure 1 , the particle modifying 
device 1 Is chiefly made up of a condensing chamber 2 
(condensing section, mixing section) and an optical de- 
tecting device 3, and the condensing chamber 2 in- 
cludes a particle intake 4, a particle outlet 5, and a pres- 
surizing/depressurizing opening 6. Further, the con- 
densing chamber 2 is also provided with a heating de- 
vice 7, which includes a heater 7a provided on an outer 
wall of the condensing chamber 2, and a thermometers. 
[0063] The condensing chamber 2 is shaped as a 
long, narrow cylinder extending vertically, and stands on 
a base 9. The shape of the condensing chamber 2 is not 
limited to the foregoing shape, but, in view of suitability 
for particle modification processing, a vertically long 
shape like the foregoing is preferable to a horizontally 
long shape. The condensing chamber 2 includes a wall 
section 2a made up of an outer wall section 2a! and an 
inner wall section 2a 2 , and a sealable processing space 
2b formed within the wall section 2a. The inner wall sec- 
tion 2a 2 is provided of a porous material made of ceram- 
ic, felt, etc. in order to allow impregnation of inner wall 
section 2a 2 by condensate of the monomer B. When the 
inner wall section 2a 2 made of a porous material forms 
the entire inner surface of the wall section 2a, as in Fig- 
ure 1 , evaporat ton of condensate of the monomer B can 
be performed effectively. However, there is no limitation 
to this structure, and the inner wall section 23^ may be 
partially provided as needed. 

[0064] To the particle intake 4 is connected a particle 
introducing pipe 10 (particle introducing section) for in- 
troducing the particles into the processing space 2b. To 
the particle outlet 5, on the other hand, is connected a 
discharge pipe 12 for discharging the particles from the 
processing space 2b. To the pressurizing/ depressuriz- 
Ing opening 6 is connected a pressurizing/ depressuriz- 
ing pipe 14 for increasing or reducing the pressure in 
the processing space 2b. The foregoing pipes 10, 12, 
and 1 4 are provided with valves 11,13, and 1 5, respec- 
tively, for opening and closing flow through the respec- 
tive pipes. Further, between the valve 15 and the pres- 
surizing/depressurizing opening 6 is provided a pres- 
sure gauge 16 for measuring the pressure in the 
processing space 2b. 

[0065] The optical detecting device 3 is for optically 
detecting diameter of particles and number concentra- 
tion of particles within the condensing chamber, and in- 
cludes a light projecting section 3a and a light receiving 
section 3b. The light projecting section 3a and light re- 
ceiving section 3b are provided on the outer surface of 
the wall section 2a of the condensing chamber 2, facing 



each other on opposite sides of the condensing cham- 
ber 2. 

[0066] In the optical detecting device, light projected 
by the light projecting section 3a travels through the 

s processing space 2b to the light receiving section 3b. 
The light projected into the processing space 2b is scat- 
tered and weakened in accordance with the particle di- 
ameter and number concentration of particles in the 
processing space 2b, and the light projected into the 

10 light receiving section 3b is changed by this scattering 
and weakening. Accordingly, the particle diameter and 
number concentration of particles within the processing 
space 2b can be detected on the basis of an output from 
the light receiving section 3b. 

*5 [0067] Incidentally, in detecting particle diameter and 
number concentration of the particles, instead of the 
foregoing method using an optical detecting device, an 
image processing analysis method using an optical mi- 
croscope or electron microscope, or another detecting 

20 method, may be used. 

[0068] It is preferable to provide the particle modifying 
device 1 with the optical detecting device 3 because (1 ) 
diameter of the modified particles can be controlled; (2) 
efficiency of production of the modified particles can be 
adjusted; and (3) repeatability of particle diameter and 
number concentration of the modified particles can be 
improved. 

[0069] The heating device 7 heats the inner wall sec- 
tion 2a2 and the processing space 2b of the condensing 

30 chamber 2. The thermometer 8 is provided in the wall 
section 2a of the condensing chamber 2, and measures 
the temperature of the inner wall section 2a2- 
[0070] Next, the method of manufacturing modified 
particles using the particle modifying device 1 will be ex- 

36 plained. 

[0071] First, the inner wall section 2a% of the condens- 
ing chamber 2 is impregnated with a predetermined 
quantity of the monomer B. Here, the monomer B used 
may be a compound which is liquid at room temperature, 

^0 or a compound which is solid at room temperature but 
becomes a liquid or vapor (gas) upon heating, but it is 
preferable to use a compound which is liquid at room 
temperature, since it can be easily impregnated into a 
porous material. In addition, to rid the interior of the con- 

45 densing chamber 2 of impurities which may form nuclei 
for condensation of the monomer B, the air in the 
processing space 2b is displaced by purified air. Then 
the valves 1 1 and 1 3 are closed, sealing the condensing 
chamber 2. 

so [0072] Next, in order to obtain a saturated vapor of the 
monomer B in the processing space 2b, the interior of 
the condensing chamber 2 is pressurized and heated. 
Pressurization is performed by opening the valve 1 5 and 
sending purified air into the processing space 2b 

55 through the pressurizing/depressurizing tube 14. By 
means of this pressurization, the pressure in the 
processing space 2b is raised to a predetermined pres- 
sure above atmospheric pressure. The pressure in the 
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processing space 2b is measured by the pressure 
gauge 16. Heating of the processing space 2b is per- 
formed by the heating device 7, and the temperature 
within the condensing chamber 2 is measured by the 
thermometer 8. 

[0073] Then the condensing chamber 2 is allowed to 
stand a suitable length of time, until a saturated vapor 
of the monomer B is obtained. In other words, the con- 
densing chamber 2 is maintained in the foregoing heat- 
ed and pressurized state. Incidentally, in order to obtain 
the saturated vapor of the monomer B, it is sufficient to 
perform the foregoing heating, and to perform the fore- 
going pressurization supplementally as needed. Ac- 
cordingly, the foregoing heating may be performed at 
atmospheric pressure or at a lower pressure. This also 
applies to the other examples to be discussed later. 
[0074] By means of the foregoing steps, a saturated 
vapor of the monomer B, which will later surround the 
particles, is formed in the processing space 2b of the 
condensing chamber 2. 

[0075] Next, the particles to be modified are intro- 
duced, along with an inert gas, from the particle intro- 
ducing pipe 10, through the particle intake 4, and into 
the processing space 2b, after which the condensing 
chamber 2 is sealed. In this case, the particles are in- 
troduced as, for example, aerosol particles. Accordingly, 
the valves 11 and 1 3 of the particle introducing pipe 10 
and the discharge pipe 12, respectively, are opened at 
the time of introduction of the aerosol particles, and 
when the inert gas and the aerosol particles have been 
introduced into the processing space 2b, the valves 11 
and 1 3 are closed, putting the condensing chamber 2 in 
a sealed state. 

[0076] Next, by opening the valve 1 5 of the pressuriz- 
ing/ depressurizing pipe 14, thus opening the process- 
ing space 2b to the atmosphere, the pressure in the 
processing space 2b is reduced to atmospheric pres- 
sure. By this means, the saturated vapor of the mono- 
mer B is adiabatically expanded. This puts the saturated 
vapor of the monomer B in the processing 6pace 2b in 
a super-satu rated state, and a quantity of the monomer 
B corresponding to the amount of change in vapor pres- 
sure (the difference between the respective vapor pres- 
sures in the saturated and super-saturated states) con- 
denses on the surface of the particles. Then, a polym- 
erization reaction takes place on the surface of the par- 
ticles between the monomer B condensed thereon and 
the monomer A contained in the particles, thus produc- 
ing modified particles partially or entirely made of a pol- 
ymer of the monomers A and B. After the foregoing ad- 
labatic expansion, the valve 15 is closed. 
[0077] Thereafter, the modification -processed parti- 
cles in the processing 6pace 2b are discharged to the 
exterior of the condensing chamber 2, and processing 
is ended. At this time, the valves 1 1 and 1 3 of the particle 
Introducing pipe 10 and the discharge pipe 12 are 
opened, and discharge is performed by, for example, in- 
troducing purified air through the particle introducing 



pipe 10, thus displacing the aerosol particles Including 
the modified particles in the processing space 2b. 
[0078] Next, the method of manufacturing modified 
particles according to the present embodiment will be 
5 explained specifically, discussing an example of imple- 
mentation of the temperature difference mixing method 
using the particle modifying device 21 (manufacturing 
device) shown In Figure 2. Here, for ease of explanation, 
members having functions equivalent to those of mem- 
to bers shown in Figure 1 will be given the same reference 
symbols, and explanation thereof will be omitted here. 
[0079] The particle modifying device 21 includes a 
mixing section 22, a particle introducing pipe 24 (particle 
introducing section), a condensing chamber 26 (con- 
is densing section), etc. The condensing chamber 26 is 
shaped as a long, narrow cylinder or rectangular box 
extending horizontally The shape of the condensing 
chamber 26 is not limited to the foregoing shapes, but, 
in view of suitability for particle modification processing 
in the particle modifying device 21 , a horizontally long 
shape like the foregoing is preferable to a vertically long 
shape. 

[0080] Provided in the interior of the condensing 
chamber 26 and extending longitudinally with respect 
thereto is a space 26b. The space 26b is provided in the 
shape of a rectangular box, and inclines vertically with 
respect to the longitudinal axis of the condensing cham- 
ber 26. The lower end of the space 26b is provided with 
a reservoir section 26c for holding the monomer B. By 
means of the foregoing incline, monomer B introduced 
into the space 26b which becomes attached to the inner 
wall of the condensing chamber 26 flows down into the 
reservoir section 26c. 

[0081] At the end of the condensing chamber 26 to- 
ward the reservoir section 26c and opening into a space 
above it is provided a purified gas intake 27, and at the 
opposite end from the purified gas intake 27 is provided 
an outlet 26d opening upward from the space 26b. The 
condensing chamber 26 is also provided with a ther- 
mometer 8 and a heating device 7. The condensing 
chamber 26 includes a wall section 26a made up of an 
outer wall section 26a 1 and an inner wall section 26a2< 
and the inner wall section 26a 2 , like the inner wall sec- 
tion 2a 2 in the particle modifying device 1 , is made of a 
porous material such as ceramic, felt, etc. 
[0082] To the outlet 26d of, the condensing chamber 
26 is connected the mixing section 22, for mixing a sat- 
urated vapor of the monomer B with cooled particles, 
and condensing the monomer B on the surface of the 
particles. The mixing section 22 includes a pipe 22a, and 
inside the pipe 22a and extending longitudinally with re- 
spect thereto is a processing space 22b. The pipe 22a 
extends in a straight line, and, in the present particle 
modifying device 21 , stands at an angle of approximate- 
ly 90° with respect to horizontal. Further, the pipe 22a 
is provided with a cooling device 22c for cooling the 
processing space 22b. The pipe 22a is further provided 
with a thermometer 8 for measuring the temperature in 
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the processing space 22b. The upper end of the mixing 
section 22 extends to a space between a light projecting 
section 3a and a light receiving section 3b of an optical 
detecting device 3. In the optical detecting device 3, 
above the upper end of the mixing section 22, is provid- 
ed a particle outlet 25 leading to the exterior of the de- 
vice. 

[0083] The particle introducing pipe 24 is connected 
to the outlet 26d of the condensing chamber 26. The 
particle introducing pipe 24 is provided with the ther- 
mometer 8 for measuring the temperature in the particle 
introducing pipe 24. Further, an optical detecting device 
23 Is connected to the end of the particle introducing 
pipe 24 opposite the end connected to the outlet 26d. 
The optical detecting device 23 measures the particle 
diameter and number concentration of particles intro- 
duced into the outlet 26d of the condensing chamber 26 
through the particle introducing pipe 24, and has a struc- 
ture equivalent to that of the optical detecting device 3. 
[0084] Further, a particle intake 4, for introducing par- 
ticles into the outlet 26d of the condensing chamber 26 
through the particle introducing pipe 24, is provided on 
the side of the optical detecting device 23 opposite the 
side thereof connected to the particle introducing pipe 
24. The particle intake 4 is provided with a cooling de- 
vice 29 for cooling the particles. The cooling device 29 
is made of, for example, a Peltier element which per- 
forms cooling by means of the Peltier effect. Depending 
on the cooling temperature, devices other than a Peltier 
element may be used for the cooling device 29, such a6 
devices which cool by organic solvents cooled by a cool- 
ant such as liquid nitrogen, water, or dry ice; devices 
which cool by ice water, water, etc. cooled by a Liebig 
cooler; etc. 

[0085] Next, the method of manufacturing modified 
particles using the particle modifying device 21 will be 
explained. 

[0086] First, in the condensing chamber 26, the res- 
ervoir section 26c is filled with the monomer B, and the 
inner wall section 26a 2 i6 impregnated with the mono- 
mer B. In addition, to rid the interior of the condensing 
chamber 26 of impurities which may form nuclei for con- 
densation of the monomer B, the air in the space 26b is 
displaced by purified air. 

[0087] Next, after sealing the space 26b of the con- 
densing chamber 26, in order to produce a saturated 
vapor of the monomer B in the space 26b of the con- 
densing chamber 26, the condensing chamber 26 is 
heated by means of the heating device 7. When the 
heating device 7 operates, heat is transmitted through 
the outer wall section 26a 1 to the inner wall section 26a 2 
and the space 26b, which are thus heated. The temper- 
ature within the condensing chamber 26 is measured by 
the thermometer 8. By means of the foregoing heating, 
a saturated vapor of the monomer B is produced in the 
space 26b. 

[0088] Next, the particles to be modified, along with 
Inert gas. are cooled by the cooling device 29, and in- 



troduced from the particle intake 4, through the particle 
introducing pipe 24, into the space 26b in the vicinity of 
the outlet 26d. In this case, the particles are introduced 
as, for example, aerosol particles. The cooled particles 
5 introduced into the space 26b, along with the saturated 
vapor of the monomer B filling the space 26b, are intro- 
duced into the processing space 22b of the mixing sec- 
tion 22. In the processing space 22b, the cooled parti- 
cles are mixed with the saturated vapor of the monomer 
io B, and are cooled by the cooling device 22c. By this 
means, the saturated vapor of the monomer B becomes 
super-saturated, and condensation of the monomer B 
on the surface of the particles occurs. 
[0089] Then, a polymerization reaction takes place on 
*5 the surface of the particles between the monomer B con- 
densed thereon and the monomer A contained in the 
particles, thus producing modified particles partially or 
entirely made of a polymer of the monomers A and B. 
Thereafter, the modification-processed particles in the 
20 processing space 22b pass through the optical detect- 
ing device 3, and are discharged through the particle 
outlet 25, and processing is ended. 
[0090] Impurities such as inorganic salts and active 
gases, produced during surface modification process- 
es ing, are attached to the surface of or mixed into the mod- 
ified particles discharged from the particle outlet 25. Im- 
purities produced during surface modification process- 
ing depend in part on the combination of the monomers 
A and B, but include, for example, hydrochloric acid (ac- 
30 tive gas) produced by the dehydration polyconden6ation 
reaction shown by the following reaction formula: 



35 



4B 



n H 2 N-R 3 -NH 2 + n CIOC-R 4 -COCI 



-(-R 3 -NHCO-R 4 -CONH-) n - +2n HCI 



(Here, R 3 and R 4 are hydrocarbon groups, each of which 
may include a functional group.) Other examples of im- 
40 purities are sodium chloride (inorganic salt) and water 
produced, when sodium hydroxide is used as a catalyst, 
by the dehydration polycondensation reaction shown by 
the following reaction formula: 



n H 2 N-R 3 -NH 2 + n CIOC-R 4 -COCI + 2n NaOH -> 
-(-R 3 -NHCO-R 4 -CONH-) n - + 2n NaCI + 2n H 2 0 



60 (Here, R 3 and R 4 are hydrocarbon groups, each of which 
may include afunctional group.) Further, unreacted sub- 
stances (substances which did not undergo a polymer- 
ization reaction) and, depending on the reaction condi- 
tions, catalysts such as sodium hydroxide (inorganic 

55 salt) may partially remain as impurities. Electrolytes like 
the foregoing sodium chloride and sodium hydroxide do 
not easily vaporize, and thus such impurities cannot be 
eliminated by heating the modified particles. 
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[0091]! Accordingly, in order to obtain modified parti- 
cles from which impurities have been eliminated, an im- 
purity eliminating device 50. for example, may be con- 
nected to the particle outlet 25 of the particle modifying 
device 21 , as shown in Figure 3. The impurity eliminat- 
ing device 50 is connected to the particle outlet 25 of the 
particle modifying device 21 via a modified particle in- 
troducing pipe 51 . The impurity eliminating device 50 is 
made up of an impurity eliminating section 52 and, pro- 
vided above it, an atomizing section 53. The impurity 
eliminating section 52 and the atomizing section 53 are 
divided from each other by a divider 54, which is fixed 
at a predetermined position within a container 50a by, 
for example, adhesive attachment. 
[0092] The impurity eliminating section 52 is made up 
of two collecting sections 60a and 60b, provided on op- 
posite sides of an introducing section 59. The introduc- 
ing section 59 is separated from the collecting section 
60a by an ion exchange resin film 58a, and from the col- 
lecting section 60b by an ion exchange resin film 58b. 
Further, the impurity eliminating section 52 contains (i. 
e. , the introducing section 59 and the collecting sections 
60a and 60b contain) a predetermined quantity of wash- 
ing liquid 55, such as pure water. 
[0093] The ion exchange resin film 58a allows positive 
ions to pass from the introducing section 59 to the col- 
lecting section 60a, but does not allow them to pass in 
the opposite direction. The ion exchange resin film 58b 
allows negative ions to pass from the introducing section 
59 to the collecting section 60b, but does not allow them 
to pa«6 in the opposite direction. The ion exchange resin 
films 58a and 58b allow water to pass, but do not allow 
the modified particles to pass. 

[0094] The modified particle introducing pipe 51 and 
an atomizing liquid supply tube 64 (to be discussed be- 
low) are inserted into the introducing section 59 through 
the divider 54. The end of the modified particle introduc- 
ing pipe 51 and the lower end of the atomizing liquid 
supply tube 64 extend below the surface of the washing 
liquid 55. 

[0095] The collecting section 60a includes a negative 
electrode 56, and the collecting section 60b includes a 
positive electrode 57. The electrodes 56 and 57 are 
fixed to the divider 54, and part of each electrode 56 and 
57 extends below the surface of the washing liquid 55. 
Further, a predetermined voltage is applied to the elec- 
trodes 56 and 57 by a direct -current power source 61 , 
thus forming an electric field in the washing liquid 55. 
[0096] The atomizing section 53 includes a nozzle 62, 
the atomizing liquid supply tube 64, a baffle 63, a particle 
transport pipe 65, etc., and continuously supplies mod- 
ified particles from which the impurities have been elim- 
inated to a drying device 70 (to be discussed below). An 
end 62a of the nozzle 62, an upper end 64a of the at- 
omizing liquid supply tube 64, an end 63a of the baffle 
63, and an opening of the particle transport pipe 65 are 
arranged substantially in a straight horizontal line. 
[0097] The atomizing liquid supply tube 64 is fixed to 



the divider 54. The lower end of the atomizing liquid sup- 
ply tube 64 extends below the surface of the washing 
liquid 55, and, by blowing a carrier such as inert gas or 
air horizontally across the upper end 64a of the atomiz- 

5 ing liquid supply tube 64, the pressure inside the atom- 
izing liquid supply tube 64 is reduced, thus siphoning 
the washing liquid 55, which contains modified particles 
from which the impurities have been eliminated, to the 
upper end 64a of the atomizing liquid supply tube 64. 

io [0098] The nozzle 62 is connected to the container 
50a in a position opposite the particle transport tube 65, 
and supplies the carrier to the interior of the atomizing 
section 53. The nozzle 62 is connected to a carrier sup- 
ply device (not shown) such as a pump. By blowing the 

*5 carrier from the end 62a of the nozzle 62, horizontally 
across the upper end 64a of the atomizing liquid supply 
tube 64, the washing liquid 55 is atomized, and the 
washing liquid 55, containing modified particles from 
which the impurities have been eliminated, is put in a 

20 particulate (mist) state. 

[0099] The baffle 63 is fixed to the atomizing liquid 
supply tube 64, and includes a spherical end 63a. By 
collision of the liquid particles atomized at the upper end 
64a of the atomizing liquid supply tube 64 (i.e., the par- 

2S tides of the washing liquid 55 including the modified par- 
ticles), along with the carrier, with the end 63a of the 
baffle 63, liquid particles of comparatively large diame- 
ter are eliminated. 

[0100] Liquid particles of comparatively small diame- 
30 ter pass around the end 63a of the baffle 63 without col- 
liding therewith, and reach the particle transport pipe 65. 
In other words, by using the baffle 63 to regulate the 
diameter of the liquid particles, the atomizing section 53 
supplies the drying device 70 with liquid particles of 
36 comparatively small and uniform diameter. 

[0101] As discussed above, the maximum diameter 
of the liquid particles to be supplied to the drying device 
70 can be controlled as desired by adjusting the size of 
the end 63a of the baffle 63 as necessary. In addition, 
*o the quantity of liquid particles supplied per unit time can 
be controlled as desired by adjusting the atomizing con- 
ditions, such as the diameter of the atomizing liquid sup- 
pry tube 64, the flow and flow speed of the carrier, etc. 
The liquid particles eliminated by the baffle 63 flow down 
45 the baffle 63, and are reused as the washing liquid 55. 
[0102] One end of the particle transport pipe 65 is con- 
nected to the side of the container 50a opposite the side 
where the nozzle 62 is connected, and the other end 
thereof is connected to the drying device 70. 
so [0103] The drying device 70 is connected to the im- 
purity eliminating device 50 via the particle transport 
pipe 65. To sides 71 of the drying device 70 are attached 
heaters 72, which are heating devices. By heating the 
drying device 70 using the heaters 72, the liquid parti- 
es cles passing through the interior of the drying device 70 
are heated, and water therein is vaporized, thus drying 
the modified particles from which impurities have been 
eliminated. The dried modified particles are discharged 
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through a particle outlet 73. 

[0104] In order to use the Impurity eliminating device 
50 and the drying device 70 with the foregoing structures 
to manufacture modified particles free of impurities, 
modified particles containing impurities, manufactured 
in the particle modifying device 21, are first introduced, 
along with inert gas, through the modified particle intro- 
ducing pipe 51 to the impurity eliminating section 52 of 
the impurity eliminating device 50. In other words, the 
modified particles containing impurities, along with inert 
gas, are bubbled into the washing liquid 55. In this way, 
the modified particles containing impurities are recov- 
ered by the washing liquid 55. 

[0105] At this time, impurities which are electrolytes 
dissolve into the washing liquid 55 and dissociate into 
ions due to the electrical field formed by the electrodes 
56 and 57, to which a voltage is applied. Then, positive 
ions are attracted through the ion exchange resin film 
56a to the negative electrode 56. Negative ions, on the 
other hand, are attracted through the ion exchange resin 
film 58b to the positive electrode 57. 
[0106] Accordingly, impurities are collected as ions by 
the collecting sections 60a and 60b, leaving in the intro- 
ducing section 59 the modified particles, from which im- 
purities have been eliminated, dispersed in the washing 
liquid 55. 

[0107] Next, in the atomizing section 53, by blowing 
the carrier from the end 62a of the nozzle 62 horizontally 
at the upper end 64a of the atomizing liquid supply tube 
64, the washing liquid 55 is made particulate, and the 
diameter of these liquid particles is regulated by means 
of the baffle 63. Then the liquid particles obtained are 
continuously supplied (introduced), along with the car- 
rier, into the drying device 70 via the particle transport 
pipe 65. Incidentally, it is preferable to displace the in- 
terior of the atomizing section 53 in advance with a pu- 
rified gas such as the inert gas, air, etc. to be used as 
the carrier. 

[0108] As they pass through the interior of the drying 
device 70, the liquid particles supplied thereto are heat- 
ed by the heaters 72, vaporizing the water contained 
therein. By this means, the modified particles free of im- 
purities are obtained in a dry state. The dried modified 
particles free of impurities are then discharged from the 
particle outlet 73. In the drying device 70, it is preferable 
to perform drying to such an extent that the modified par- 
ticles will not aggregate. 

[0109] The foregoing method can eliminate impuri- 
ties, including byproducts, etc. produced in the polym- 
erization reaction during surface modification process- 
ing, such as inorganic salts and active gases, and un- 
reacted substances (substances which did not undergo 
a polymerization reaction), i.e., impurities mixed into or 
attached to the modified particles. In other words, the 
foregoing method is capable of simply and continuously 
manufacturing modified particles from which impurities 
have been eliminated. 

[01 1 0] Accordingly, since the adverse effects of impu- 



rities on the properties of the modified particles can be 
eliminated, in subsequent handling of the modified par- 
ticles, for example, electrical charging is made easier, 
and deterioration of the properties of the modified par- 
5 tides can be minimized. 

[0111] Further, with the foregoing method, impurities 
are eliminated by dissolving in pure water (the washing 
liquid 55). In other words, since pure water (the washing 
liquid 55) is used in eliminating the impurities, modified 
particles free of impurities can be manufactured simply 
by drying after elimination of impurities. In addition, with 
the foregoing method, there is no danger of compounds 
used in eliminating the impurities becoming mixed into 
or attached to the modified particles as further impuri- 
ties. Thus modified particles can be obtained from which 
impurities have been eliminated with certainty. 
[0112] Incidentally, in the impurity eliminating device 
50, there is no limitation to any particular timing for ex- 
ecuting the operation A of bubbling the modified parti- 
cles containing impurities, along with inert gas, into the 
washing liquid 55; the operation B of recovering the im- 
purities by dissociating them as ions; and the operation 
C of atomizing into particles (mist) the washing liquid 55 
containing the modified particles from which impurities 
have been eliminated. For example, it is possible (1) to 
execute operations A, B, and C in parallel (simultane- 
ously); (2) to execute operation A first, then operation 
B, and finally operation C; or (3) to execute operations 
A and B in parallel, and then to execute operation C. 
[011 3] The drying device 70 need not be limited to the 
structure discussed above; any structure capable of dry- 
ing the modified particles Is satisfactory. Moreover, 
when there is no need to dry the modified particles, the 
drying device 70 may be omitted. 
[0114] The following will explain another embodiment 
of the present invention with reference to Figures 4 and 
5. 

[0115] The method of manufacturing modified parti- 
cles according to the present embodiment is a method 
of exposing core particles to a super-saturated atmos- 
phere of a monomer A, thus causing the monomer A to 
condense on the surface of the core particles; exposing 
the core particles with the monomer A condensed ther- 
eon to a super-saturated atmosphere of a monomer B, 
which has a higher boiling point than the monomer A 
and is polymerizable therewith, thus causing the mono- 
mer B to condense on the surface of the core particles, 
and causing a polymerization reaction between the 
monomers A and B on the surface of the core particles. 
[0116] Core particles which may be used in the 
present embodiment include, for example, aerosol par- 
ticles, mist particles, and fume. The primary particle di- 
ameter of these core particles is preferably from several 
nm to several ^m. Further, the core particles in the 
present embodiment may be liquid particles, or they 
may be solid particles. 

[0117] The various inorganic particles, organic parti- 
cles, etc. listed in the first embodiment may be used for 
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the core particles. Further, the core particles In the 
present embodiment may be particles made of a 6ingle 
substance, or they may be mixed particles made of a 
mixture of two or more substances. If the core particles 
are mixed particles made of a mixture of two or more 
substances, whether liquid or solid, the core particles 
themselves can be given a plurality of functions. The 
core particles may also be particles of a monomer which 
is polymerizable with the monomer B, or particles made 
of a mixture containing a monomer which is polymeriz- 
able with the monomer B. 

[0118] The foregoing mixed particles may be mixed 
solid particles obtained by mixing two or more solid sub- 
stances: a solution of particles obtained by dissolving a 
solid substance such as a dye or a pigment in a solvent; 
particles dispersed in a liquid, obtained by dispersing a 
solid substance in a solvent; or mixed liquid particles, 
obtained by mixing two or more liquid substances. The 
solvents listed in the first embodiment may be used as 
the foregoing solvent. 

[0119] In the present embodiment, the monomer A 
and the monomer B used may be compounds equiva- 
lent to the monomers A and B used In the first embodi- 
ment. 

[0120] In the method of manufacturing modified par- 
ticles according to the present embodiment, the method 
of condensing a monomer (the monomer A or the mon- 
omer B) on the surface of the core particles should pref- 
erably be the adiabatic expansion method, in which, af- 
ter introducing the core particles into a saturated vapor 
of the monomer, adiabatic expansion of the monomer is 
used to form a super-saturated vapor atmosphere there- 
of and condense the monomer on the surface of the core 
particles, or the temperature difference mixing method, 
in which the core particles are cooled and then intro- 
duced Into a saturated vapor of the monomer, and the 
vapor of the monomer Is condensed on the surface of 
the core particles due to mixing under a temperature dif- 
ference. 

[0121] In the adiabatic expansion method, it is prefer- 
able to introduce the core particles along with an inert 
gas Into the saturated vapor of the monomer. Again, in 
the temperature difference mixing method, it is prefera- 
ble to cool the core particles along with an inert gas and 
then introduce the core particles and the Inert gas into 
the saturated vapor of the monomer. Using an inert gas 
in this way to introduce the core particles into the satu- 
rated vapor of the monomer prevents effects inappro- 
priate in a carrier gas for introducing the core particles 
into the saturated vapor of the monomer, such as reac- 
tion between the carrier gas and the monomer or the 
core particles. For the Inert gas, nitrogen gas, helium 
gas, argon gas, etc. may be used. 
[01 22] Further, in each of the foregoing methods, the 
method of obtaining the saturated vapor of the monomer 
may be by heating the monomer, or by pressurizing the 
monomer. Heating the monomer is preferable, because 
it is then easy to cool the saturated vapor of the mono- 



mer to obtain a super-saturated vapor thereof. 
[0120] Next, the method of manufacturing modified 
particles according to the present embodiment will be 
explained specifically, discussing an example in which 

5 both condensation of the monomer A and condensation 
of the monomer B are performed by the adiabatic ex- 
pansion method, using the particle modifying device 31 
(manufacturing device) shown in Figure 4. Here, for 
ease of explanation, members having functions equiv- 

io alent to those of members shown in the foregoing Fig- 
ures will be given the same reference symbols, and ex- 
planation thereof will be omitted here. 
[0124] As shown in Figure 4, in the particle modifying 
device 31 , a particle modifying device 1 as a second 

is stage is serially connected to a particle modifying device 
1 A, with the same structure, as a first stage. In the par- 
ticle modifying device 31 , the particle modifying device 
1 A (first stage) and the particle modifying device 1 (sec- 
ond stage) are connected by a transport pipe 33, which 

20 connects the particle outlet 5 of the particle modifying 
device 1 A to the particle intake 4 of the particle modify- 
ing device 1 . Incidentally, in the transport pipe 33, either 
the valve 13 toward the particle modifying device 1 A or 
the valve 11 toward the particle modifying device 1 may 

2S be omitted. 

[0125] Next, the method of manufacturing modified 
particles using the particle modifying device 31 will be 
explained. 

[0126] First, the valves 1 1 and 1 3 of the particle mod- 

30 ifying device 1 A are opened. The monomer A is intro- 
duced, as aerosol particles, into the processing space 
2b of the particle modifying device 1 A through the par- 
ticle intake 4, and the air in the processing space 2b of 
the particle modifying device 1 A is discharged from the 

35 particle outlet 5. In this way, the air inside the processing 
space 2b of the particle modifying device 1 A is displaced 
by the aerosol particles of the monomer A. Then the 
valves 1 1 and 1 3 of the particle modifying device 1 A are 
closed, sealing the condensing chamber 2. 

40 [0127] Next, by opening the valve 15 of the particle 
modifying device 1A and sending purified air into the 
processing space 2b of the particle modifying device 1 A 
through the pressurizing/depressurizing tube 14, the 
pressure in the processing space 2b of the particle mod- 

45 Ifying device 1 A is raised to a predetermined pressure 
above atmospheric pressure. The processing space 2b 
of the particle modifying device 1 A is also heated to a 
predetermined temperature by the heating device 7. 
Then the condensing chamber 2 is allowed to stand a 

so suitable length of time at that temperature and pressure, 
thus producing in the processing space 2b of the particle 
modifying device 1 A a saturated vapor of the monomer 
A. 

[0128] Next, the core particles are introduced, along 
55 with an inert gas, from the particle introducing pipe 10, 
through the particle intake 4, and into the processing 
space 2b of the particle modifying device 1 A, after which 
the condensing chamber 2 is sealed. In this case, the 
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core particles are introduced as, for example, aerosol 
particles. Next, by opening the valve 15 of the pressu- 
rizing/depressurizing pipe 14, thus opening the process- 
ing space 2b of the particle modifying device 1 A to the 
atmosphere, the pressure in the processing space 2b is 
reduced to atmospheric pressure. This adiabatically ex- 
pands the saturated vapor of the monomer A in the 
processing space 2b of the particle modifying device 1 A, 
putting the saturated vapor of the monomer A in a super- 
saturated state, and the monomer A condenses on the 
surface of the core particles. After the foregoing adia- 
batic expansion, the valve 15 of the particle modifying 
device 1A is closed. 

[0129] Next, in the particle modifying device 1 , in the 
same way as in the first embodiment (Figure 1), a sat- 
urated vapor of the monomer B is produced. Next, the 
valves 11 and 1 3 of the particle modifying device IA are 
opened, as are the valves 1 1 and 1 3 of the particle mod- 
ifying device 1. By introducing purified air through the 
particle intake 4 into the particle modifying device 1 A, 
the core particles with the monomer A condensed on 
the surface thereof are sent from the particle modifying 
device 1 A, through the transport pipe 33, and into the 
particle modifying device 1. Thereafter, the valves 11 
and 1 3 of the particle modifying device 1 are closed, thus 
sealing the condensing chamber 2. 
[0130] Next, in the particle modifying device 1 , in the 
same way as in the first embodiment (Figure 1 ), the sat- 
urated vapor of the monomer B is adiabatically expand- 
ed, thus condensing the monomer B on the surface of 
the core particles on which the monomer A was previ- 
ously condensed, and causing a polymerization reac- 
tion between the monomers A and B on the surface of 
the core particles. In this way, modified particles, mads 
of the core particles covered with a film of a polymer of 
the monomers A and B. are obtained. 
[0131] Finally, the valves 11 and 13 of the particle 
modifying device 1A and the valves 11 and 13 of the 
particle modifying device 1 are opened, and, by intro- 
ducing purified air through the particle intake 4 of the 
particle modifying device 1A, the modified particles in 
the particle modifying device 1 are discharged by gas 
transport. 

[0132] Next, the method of manufacturing modified 
particles according to the present embodiment will be 
explained specifically, discussing an example in which 
both condensation of the monomer A and condensation 
of the monomer B are performed by the temperature dif- 
ference mixing method, using the particle modifying de- 
vice 41 (manufacturing device) shown in Figure 5. Here, 
for ease of explanation, members having functions 
equivalent to those of members shown in the foregoing 
Figures will be given the same reference symbols, and 
explanation thereof will be omitted here, 
[01 33] As shown in Figure 5, in the particle modifying 
device 41, a first-stage particle modifying device 21 A, 
having a structure equivalent to the particle modifying 
device 21 of the second embodiment, except that an 



outlet 35 replaces the particle outlet 25, is serially con- 
nected to a second-stage particle modifying device 21 B, 
having a structure equivalent to the particle modifying 
device 21 of the second embodiment except that the 

s particle intake 4, the optical detecting device 23, and the 
cooling device 29 are omitted. In the particle modifying 
device 41 , the first-stage particle modifying device 21 A 
and the second-stage particle modifying device 21 B are 
connected by connection of the outlet 35 of the particle 

10 modifying device 21 A to the particle introducing pipe 24 
of the particle modifying device 21 B. 
[0134] Next, the method of manufacturing modified 
particles using the particle modifying device 41 will be 
explained. 

*5 [0135] First, in the first-stage particle modifying de- 
vice 21 A, a saturated vapor of the monomer A formed 
in the space 26b in the same way as in the first embod- 
iment (Figure 2) is introduced into the processing space 
22b, and core particles cooled by the cooling device 29 
are introduced, along with inert gas, from the particle 
introducing pipe 24, through the outlet 26d, and into the 
processing space 22b. In this way, in the processing 
space 22b of the first-stage particle modifying device 
21 A, the saturated vapor of the monomer A and the 
cooled core particles are mixed, putting the saturated 
vapor in the vicinity of the core particles in a super-sat- 
urated state, and condensing the monomer A on the sur- 
face of the core particles. 

[0136] Next, the core particles with the monomer A 
condensed thereon in the processing space 22b of the 
first-stage particle modifying device 21 A are introduced, 
along with inert gas, through the outlet 35 and the par- 
ticle introducing pipe 24, and into the processing space 
22b of the second-stage particle modifying device 21 B, 
and a saturated vapor of the monomer B formed in the 
space 26b of the second-stage particle modifying device 
21 B in the same way as in the first embodiment (Figure 
2) is introduced into the processing space 22b. 
[0137] In this way, in the processing space 22b of the 
second-stage particle modifying device 21 B, the satu- 
rated vapor of the monomer B and the core particles 
cooled by the cooling device 22c are mixed, putting the 
saturated vapor in the vicinity of the core particles in a 
super-saturated state, and condensing the monomer B 
on the surface of the core particles on which the mono- 
mer A was previously condensed. 
[0138] As a result, the monomers A and B undergo a 
polymerization reaction on the surface of the core par- 
ticles, yielding modified particles made of the core par- 
ticles covered with a film of a polymer of the monomers 
A and B. 

[0139] Incidentally, the particle modification process- 
ing described in the present second embodiment may 
be performed on modified particles obtained by means 
of the manufacturing method of the first or second em- 
bodiment. Accordingly, the two steps described in the 
present second embodiment for forming a polymer film 
on the surface of particles may be repeated a plurality 
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of times. 

[01 40] Specifically, modified particles obtained by the 
manufacturing method of the first or second embodi- 
ment may be exposed to a super-saturated vapor of a 
monomer C, thus condensing the monomer C on the 
surface of the modified particles, after which the modi* 
fied particles with the monomer C condensed thereon 
are exposed to a super-saturated vapor of a monomer 
D, differing from the monomer C and polymerizable 
therewith, thus causing the monomer D to condense on 
the surface of the modified particles, and causing a po- 
lymerization reaction between the monomers C and D 
on the surface of the modified particles. For the mono- 
mer C, the foregoing compounds listed as examples for 
the monomer A, for example, are suitable. The mono- 
mers A and C may be different compounds, or they may 
be the same compound. Further, for the monomer D, 
the foregoing compounds listed as examples for the 
monomer B, for example, are suitable. The monomers 
B and D may be different compounds, or they may be 
the 6ame compound. 

[0141] By this means, a plurality of polymer films can 
be successively formed on the surface of particles, and 
thus a thicker polymer film can be formed. Accordingly, 
a polymer film of desired thickness can be formed even 
when a single polymerization reaction is unable to form 
a polymer film of a desired thickness because, for ex- 
ample, a monomer A is used with which a highly super- 
saturated vapor cannot be obtained. 
[0142] In addition, when, as above, polymer films are 
formed on the surface of particles a plurality of times, at 
least two of the polymer films may be polymer films with 
mutually differing functions. Specifically, the combina- 
tion of the monomers C and D can be different from the 
combination of the monomers A and B. In this way, mod- 
ified particles can be obtained which are even more 
highly functional. 

[0143] In what follows, the present invention will be 
explained in greater detail by means of Examples 1 
through 16 according to the first and second embodi- 
ments, but the present Invention is not limited in anyway 
by these specific Examples. 

(EXAMPLE 1) 

[0144] Using the particle modifying device 31 shown 
in Figure 4, modified particles were manufactured ac- 
cording to the method discussed in the foregoing sec- 
ond embodiment. 

[0145] First, as the monomer A, 1,6-hexanediamine 
was placed in the condensing chamber 2 of the particle 
modifying device 1A. The interior of the condensing 
chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 473K using the 
heating device 7, yielding a saturated vapor of 1,6-hex- 
anediamine. 

[01 46] Next, as the core particles, particles of titanium 
oxide having an average primary diameter of 0.5jim 



were introduced, along with nitrogen gas, into the satu- 
rated vapor atmosphere of 1,6-hexanediamine through 
the particle intake 4. Then the saturated vapor of 
1 ,6-hexanedlamine was adiabatically expanded by re- 

s ducing pressure through the press uriz in g/depressuriz- 
ing opening 6, yielding a super-saturated vapor of 
1,6-hexanediamine. The titanium oxide particles were 
then exposed to the super-saturated vapor of 1 ,6-hex- 
anediamine for 3 minutes, causing 1 ,6-hexanediamine 

10 to condense on the surface of the titanium oxide parti- 
cles. 

[0147] Next, as the monomer B, adipoyl chloride was 
placed in the condensing chamber 2 of the particle mod- 
ifying device 1 . The interior of the condensing chamber 

*5 2 was pressurized through the pressurizing/depressu- 
rizing opening 6 and heated to 423K using the heating 
device 7, yielding a saturated vapor of adipoyl chloride. 
Then the titanium oxide particles with 1,6-hexanedi- 
amine condensed thereon were discharged from the 

20 condensing chamber 2 of the particle modifying device 
1 A, along with nitrogen gas, and introduced through the 
particle intake 4 into the saturated vapor atmosphere of 
adipoyl chloride in the condensing chamber 2 of the par- 
ticle modifying device 1. 

25 [0146] Then the saturated vapor of adipoyl chloride in 
the condensing chamber 2 of the particle modifying de- 
vice 1 was adiabatically expanded by reducing pressure 
through the pressurizing/depressurizing opening 6, 
yielding a super-saturated vapor of adipoyl chloride. The 

30 titanium oxide particles were then exposed to the super- 
saturated vapor of adipoyl chloride for 3 minutes, caus- 
ing adipoyl chloride to condense on the surface of the 
titanium oxide particles. By this means, a polyconden- 
sation reaction between 1,6-hexanediamine and adi- 

3£ poyl chloride took place on the surface of the titanium 
oxide particles, producing polyamide resin. This yielded 
modified particles (1), made of titanium oxide particles 
covered with a film of polyamide resin. When measured 
by the optical detecting device 3, the diameters of the 

40 modified particles (1 ) were found to be substantially uni- 
form, with an average primary diameter of 1um. 

(EXAMPLE 2) 

45 [0149] Using the particle modifying device 1 shown in 
Figure 1, modified particles were manufactured accord- 
ing to the method discussed in the foregoing first em- 
bodiment. 

[0150] First, adipoyl chloride, as the monomer A, was 
so mixed with carbon black, yielding mixed particles with 
an average geometric diameter of 0.5um. Next, as the 
monomer B, 1 ,6-hexanediamine was placed in the con- 
densing chamber 2 of the particle modifying device 1 . 
The interior of the condensing chamber 2 was pressu- 
ss rized through the pressurizing/depressurizing opening 
6 and heated to 473K using the heating device 7, yield- 
ing a saturated vapor of 1 ,6-hexanediamine. 
[0151] Next, the foregoing mixed particles, along with 
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nitrogen gas, were introduced through the particle in- 
take 4 into the saturated vapor atmosphere of 1,6-hex- 
anediamine. Then the saturated vapor of 1 ,6-hexanedi- 
amine was adiabatically expanded by reducing pres- 
sure through the pressurizing/depressurizing opening 6, 
yielding a super-saturated vapor of 1 ,6-hexanediamlne. 
[01 62] The mixed particles were then exposed to the 
super-saturated vapor of 1 ,6-hexanediamine for 3 min- 
utes, causing 1 ,6-hexanediamine to condense on the 
surface of the mixed particles. By this means, a poly- 
condensation reaction between adipoyl chloride con- 
tained in the mixed particles and 1 ,6-hexanediamine 
took place on the surface of the mixed particles, produc- 
ing polyamide resin. This yielded modified particles (2), 
made of carbon black covered with a film of polyamide 
resin. When measured by the optical detecting device 
3, the diameters of the modified particles (2) were found 
to be substantially uniform, with an average primary di- 
ameter of 1u.m. 

(EXAMPLE 3) 

[01 53] Using the particle modifying device 1 shown in 
Figure 1 , modified particles were manufactured accord- 
ing to a method equivalent to that of Example 2. 
[0154] First, 1 ,2,4,5-benzentetracarboxylic dianhy- 
dride, as the monomer A, was mixed with carbon black, 
yielding mixed particles with an average geometric di- 
ameter of 0.7um Next, as the monomer B, 1,4-diami- 
nocyclohexane was placed in the condensing chamber 
2 of the particle modifying device 1 . The interior of the 
condensing chamber 2 was pressurized through the 
pressurizing/ depressurizing opening 6 and heated to 
473K using the heating device 7, yielding a saturated 
vapor of 1 ,4-diaminocyclohexane. 
[01 55] Next, the foregoing mixed particles, along with 
nitrogen gas, were introduced through the particle in- 
take 4 into the saturated vapor atmosphere of 1,4-diami- 
nocyciohexane. Then the saturated vapor of 1,4-diami- 
nocyctohexane was adiabatically expanded by reducing 
pressure through the pressurizing/depressurizing open- 
ing 6, yielding a super-saturated vapor of 1,4-diamino- 
cyclohexane. 

[01 56] The mixed particles were then exposed to the 
super-saturated vapor of 1 ,4-diaminocyclohexane for 3 
minutes, causing 1 ,4-diaminocyclohexane to condense 
on the surface of the mixed particles. By this means, a 
poly condensation reaction between 1,2,4,5-benzentet- 
racarboxylic dianhydride contained in the mixed parti- 
cles and 1 ,4-diaminocyclohexane took place on the sur- 
face of the mixed particles, producing polyamic acid res- 
in. This yielded modified particles (3), made of carbon 
black covered with a film of polyamic acid resin. When 
measured by the optical detecting device 3, the diame- 
ters of the modified particles (3) were found to be sub- 
stantially uniform, with an average primary diameter of 
1.2um 



(EXAMPLE 4) 

[0157] Using the particle modifying device 1 shown in 
Figure 1, modified particles were manufactured accord- 

s ing to a method equivalent to that of Example 2. 

[0166] First, terephthalaldehyde, as the monomer A, 
was mixed with carbon black, yielding mixed particles 
with an average geometric diameter of 0.6um Next, as 
the monomer B, 1,10-diaminodecane was placed in the 

10 condensing chamber 2 of the particle modifying device 
1 . The interior of the condensing chamber 2 was pres- 
surized through the pressurizing/depressurizing open- 
ing 6 and heated to 473K using the heating device 7, 
yielding a saturated vapor of 1,10-diaminodecane. 

is [0159] Next, the foregoing mixed particles, along with 
nitrogen gas, were Introduced through the particle in- 
take 4 into the saturated vapor atmosphere of 1 , 10-di- 
aminodecane. Then the saturated vapor of 1,10-diami- 
nodecane was adiabatically expanded by reducing 

20 pressure through the pressurizing/depressurizing open- 
ing 6, yielding a super-saturated vapor of 1,10-diamin- 
odecane. 

[0160] The mixed particles were then exposed to the 
super-saturated vapor of 1 , 1 0-diaminodecane for 3 min- 
2S utes, causing 1,10-diaminodecane to condense on the 
surface of the mixed particles. By this means, a poly- 
condensation reaction between terephthalaldehyde 
contained in the mixed particles and 1,10-diamino- 
decane took place on the surface of the mixed particles, 
30 producing polyazomethine re6in. This yielded modified 
particles (4), made of carbon black covered with a film 
of polyazomethine resin. When measured by the optical 
detecting device 3, the diameters of the modified parti- 
cles (4) were found to be substantially uniform, with an 
35 average primary diameter of 1pm. 

(EXAMPLE 5) 

[0161] Using the particle modifying device 1 shown in 

40 Figure 1 , modified particles were manufactured accord- 
ing to a method equivalent to that of Example 2. 
[0162] First, 1 ,5-diaminonaphthalene, as the mono- 
mer A, was mixed with C.I. Pigment Blue 1 99 (Ciba-Gei- 
gy Japan Limited product; a pigment), yielding mixed 

45 particles with an average geometric diameter of 0.7u.m. 
Next, as the monomer B, adipoyl chloride was placed in 
the condensing chamber 2 of the particle modifying de- 
vice 1 . The interior of the condensing chamber 2 was 
pressurized through the pressurizing/depressurizing 

so opening 6 and heated to 423K using the heating device 
7, yielding a saturated vapor of adipoyl chloride. 
[0163] Next, the foregoing mixed particles, along with 
nitrogen gas, were introduced through the particle in- 
take 4 into the saturated vapor atmosphere of adipoyl 

55 chloride. Then the saturated vapor of adipoyl chloride 
was adiabatically expanded by reducing pressure 
through the pressurizing/depressurizing opening 6, 
yielding a super-saturated vapor of adipoyl chloride. 
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[01 64] The mixed particles were then exposed to the 
super-saturated vapor of adipoyl chloride for 3 minutes, 
causing adipoyl chloride to condense on the surface of 
the mixed particles. By this means, a porycondensation 
reaction between 1,5-diaminonaphthalene contained in 
the mixed particles and adipoyl chloride took place on 
the surface of the mixed particles, producing polyamide 
resin. This yielded modified particles (5), made of C.I. 
Pigment Blue 1 99 covered with a film of polyamide resin. 
When measured by the optical detecting device 3, the 
diameters of the modified particles (5) were found to be 
substantially uniform, with an average primary diameter 
of 1.3um 

(EXAMPLE 6) 

[01 65] Using the particle modifying device 1 shown in 
Figure 1 , modified particles were manufactured accord- 
ing to a method equivalent to that of Example 2. 
[0166] First, as the monomer B, 1 ,3-diaminopropane 
was placed in the condensing chamber 2 of the particle 
modifying device 1. The interior of the condensing 
chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 393K using the 
heating device 7, yielding a saturated vapor of 1,3-di- 
aminopropane. 

[0167] Next, as the particles, particles of 3,3* ,4,4'- 
benzophenontetracarboxylic dian hydride with an aver- 
age geometric diameter of iu.m were introduced, along 
with argon gas, through the particle intake 4 into the sat- 
urated vapor atmosphere of 1,3-diaminopropane. Then 
the saturated vapor of 1,3-diaminopropane was adia- 
batically expanded by reducing pressure through the 
pressurizing/depressurizing opening 6, yielding a su- 
per-saturated vapor of 1 ,3-diaminopropane. 
[0168] The particles of 3,3',4,4'-benzophenontet- 
racarboxylic dianhydride were then exposed to the su- 
per-saturated vapor of 1,3-diaminopropane for 2 min- 
utes, causing 1 ,3-diaminopropane to condense on the 
surface of the particles of 3,3',4,4'-benzophenontet- 
racarboxylic dianhydride. By this means, a poryconden- 
sation reaction between the particles of 3,3',4,4'-benz- 
ophenontetracarboxyiic dianhydride and 1,3-diamino- 
propane took place, yielding modified particles (6), 
made of polyamic acid resin. When measured by the 
optical detecting device 3, the diameters of the modified 
particles (6) were found to be substantially uniform, with 
an average primary diameter of 1.5um 

(EXAMPLE 7) 

[0169] Using the particle modifying device 1 shown in 
Figure 1 , modified particles were manufactured accord- 
ing to a method equivalent to that of Example 2. 
[0170] First, as the monomer B, piperazine was 
placed in the condensing chamber 2 of the particle mod- 
ifying device 1. The interior of the condensing chamber 
2 was pressurized through the pressurizing/depressu- 



rizing opening 6 and heated to 403K using the heating 
device 7, yielding a saturated vapor of piperazine. 
[0171] Next, as the particles, particles of terephthaloyl 
chloride with an average geometric diameter of 0.9ujti 
5 were introduced, along with helium gas, through the par- 
ticle intake 4 into the saturated vapor atmosphere of pip- 
erazine. Then the saturated vapor of piperazine was ad- 
iabatically expanded by reducing pressure through the 
pressurizing/depressurizing opening 6, yielding a su- 
10 per-saturated vapor of piperazine. 

[0172] The particles of terephthaloyl chloride were 
then exposed to the super-saturated vapor of piperazine 
for 2 minutes, causing piperazine to condense on the 
surface of the particles of terephthaloyl chloride. By this 
*s means, a porycondensation reaction between the parti- 
cles of terephthaloyl chloride and piperazine took place, 
yielding modified particles (7), made of polyamide resin. 
When measured by the optical detecting device 3, the 
diameters of the modified particles (7) were found to be 
substantially uniform, with an average primary diameter 
of 1.3ujti. 

(EXAMPLE 8) 

[0173] Using the particle modifying device 1 shown in 
Figure 1 , modified particles were manufactured accord- 
ing to a method equivalent to that of Example 2. 
[0174] First, as the monomer B, piperazine was 
placed in the condensing chamber 2 of the particle mod- 
ifying device 1. The interior of the condensing chamber 
2 was pressurized through the pressurizing/depressu- 
rizing opening 6 and heated to 403K using the heating 
device 7, yielding a saturated vapor of piperazine. 
[0175] Next, as the particles, particles of isophthalal- 
dehyde with an average geometric diameter of 0.8um 
were introduced, along with helium gas, through the par- 
ticle intake 4 into the saturated vapor atmosphere of pip- 
erazine. Then the saturated vapor of piperazine was ad- 
iabatically expanded by reducing pressure through the 
pressurizing/depressurizing opening 6, yielding a su- 
per-saturated vapor of piperazine. 
[0176] The particles of isophthalaldehyde were then 
exposed to the super-saturated vapor of piperazine for 
2 minutes, causing piperazine to condense on the sur- 
face of the particles of isophthalaldehyde. By this 
means, a porycondensation reaction between the parti- 
cles or isophthalaldehyde and piperazine took place, 
yielding modified particles (8), made of polyazomethine 
resin. When measured by the optical detecting device 
3, the diameters of the modified particles (8) were found 
to be substantially uniform, with an average primary di- 
ameter of 1 .2pm. 

(EXAMPLE 9) 

[0177] Using the particle modifying device 1 shown in 
Figure 1 , modified particles were manufactured accord- 
ing to a method equivalent to that of Example 2. 
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[0178] First, as the monomer B, adipoyl chloride was 
placed in the condensing chamber 2 of the particle mod- 
ifying device 1 . The Interior of the condensing chamber 
2 was pressurized through the pressurizing/depressu- 
rizing opening 6 and heated to 443K using the heating 
device 7, yielding a saturated vapor of adipoyl chloride. 
[0179] Next, as the particles, particles of 4,4'-diami- 
nostiibene with an average geometric diameter of 0.7jim 
were introduced, along with helium gas, through the par- 
ticle Intake 4 into the saturated vapor atmosphere of ad- 
ipoyl chloride. Then the saturated vapor of adipoyl chlo- 
ride was adiabatically expanded by reducing pressure 
through the pressurizing/depressurizing opening 6, 
yielding a super-saturated vapor of adipoyl chloride. 
[01 80] The particles of 4,4' -diaminostil bene were then 
exposed to the super-saturated vapor of adipoyl chlo- 
ride for 2 minutes, causing adipoyl chloride to condense 
on the surface of the particles of 4,4'~diaminostilbene. 
By this means, a potycondensation reaction between 
the particles of 4,4'-diaminostiIbene and adipoyl chlo- 
ride took place, yielding modified particles (9), made of 
polyamide resin. When measured by the optical detect- 
ing device 3, the diameters of the modified particles (9) 
were found to be substantially uniform, with an average 
primary diameter of 1u/n. 

(EXAMPLE 10) 

[01 81] Modified particles were manufactured by using 
the particle modifying device 31 shown in Figure 4 to 
perform particle modification processing equivalent to 
that of Example 1 on the modified particles (2) obtained 
in Example 2. 

[0182] First, as the monomer A, 1,6-hexanediamine 
was placed in the condensing chamber 2 of the particle 
modifying device 1A. The interior of the condensing 
chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 473K using the 
heating device 7, yielding a saturated vapor of 1,6-hex- 
anediamine. 

[0183] Next, as the core particles, the modified parti- 
cles (2) were introduced, along with nitrogen gas, 
through the particle intake 4 into the saturated vapor at- 
mosphere of 1,6-hexanediamine. Then the saturated 
vapor of 1 ,6-hexanediamine was adiabatically expand- 
ed by reducing pressure through the pressurizing/de- 
pressurizing opening 6, yielding a super-saturated va- 
por of 1,6-hexanediamine. The modified particles (2) 
were then exposed to the super-saturated vapor of 
1 ,6-hexanediamine for 2 minutes, causing 1 ,6-hexane- 
diamine to condense on the surface of the modified par- 
ticles (2). 

[01 84] Next, as the monomer B, adipoyl chloride wa6 
placed in the condensing chamber 2 of the particle mod- 
ifying device 1 . The interior of the condensing chamber 
2 was pressurized through the pressurizing/depressu- 
rizing opening 6 and heated to 453K using the heating 
device 7, yielding a saturated vapor of adipoyl chloride. 



Then the modified particles (2) with 1 ,6-hexanediamine 
condensed thereon were discharged from the condens- 
ing chamber 2 of the particle modifying device 1 A. along 
with nitrogen gas, and Introduced through the particle 
s intake 4 into the saturated vapor atmosphere of adipoyl 
chloride in the condensing chamber 2 of the particle 
modifying device 1. 

[0185] Then the saturated vapor of adipoyl chloride in 
the condensing chamber 2 of the particle modifying de- 
10 vice 1 was adiabatically expanded by reducing pressure 
through the pressurizing/depressurizing opening 6, 
yielding a super-saturated vapor of adipoyl chloride. The 
modified particles (2) were then exposed to the super- 
saturated vapor of adipoyl chloride for 2 minutes, caus- 
es ing adipoyl chloride to condense on the surface of the 
modified particles (2). 

[0186] By this means, a polycondensation reaction 
between 1,6-hexanediamine and adipoyl chloride took 
place on the surface of the modified particles (2), pro- 

20 ducing polyamide resin. This yielded modified particles 
(10), made of the modified particles (2) covered with a 
film of polyamide resin. When measured by the optical 
detecting device 3, the diameters of the modified parti- 
cles (10) were found to be substantially uniform, with an 

2S average primary diameter of 1 ,4um 

(EXAMPLE 11) 

[01 87] Modified particles were manufactured by using 
so the particle modifying device 31 shown in Figure 4 to 
perform particle modification processing equivalent to 
that of Example 1 on the modified particles (2). 
[0188] First, as the monomer A, 1 ,3-diaminopropane 
was placed in the condensing chamber 2 of the particle 
35 modifying device 1A. The Interior of the condensing 
chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 393K using the 
heating device 7, yielding a saturated vapor of 1,3-di- 
aminopropane. 

40 [0189] Next, as the core particles, the modified parti- 
cles (2) were introduced, along with nitrogen gas, 
through the particle intake 4 into the saturated vapor at- 
mosphere of 1,3-diaminopropane. Then the saturated 
vapor of 1 ,3-diaminopropane was adiabatically expand- 

45 ed by reducing pressure through the pressurizing/de- 
pressurizing opening 6, yielding a super-saturated va- 
por of 1 ,3-diaminopropane. The modified particles (2) 
were then exposed to the super-saturated vapor of 
1 .3-diaminopropane for 2 minutes, causing 1,3-diami- 
nopropane to condense on the surface of the modified 
particles (2). 

[0190] Next, as the monomer B, sebacoyl chloride 
was placed in the condensing chamber 2 of the particle 
modifying device 1. The interior of the condensing 
55 chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 453K using the 
heating device 7, yielding a saturated vapor of sebacoyl 
chloride. Then the modified particles (2) with 1 ,3-diami- 
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nopropane condensed thereon were discharged from 
the condensing chamber 2 of the particle modifying de- 
vice 1 A, along with nitrogen gas, and introduced through 
the particle intake 4 into the saturated vapor atmosphere 
of adipoyl chloride in the condensing chamber 2 of the 
particle modifying device 1. 

[01 91] Then the saturated vapor of sebacoyl chloride 
in the condensing chamber 2 of the particle modifying 
device 1 was adiabatically expanded by reducing pres- 
sure through the pressurlzing/depressurizing opening 6, 
yielding a super-saturated vapor of 6ebacoyl chloride. 
The modified particles (2) were then exposed to the su- 
per-saturated vapor of sebacoyl chloride for 2 minutes, 
causing sebacoyl chloride to condense on the surface 
of the modified particles (2). 

[0192] By this means, a polycondensation reaction 
between 1,3-diaminopropane and sebacoyl chloride 
took place on the surface of the modified particles (2), 
producing polyamide resin. This yielded modified parti- 
cles (1 1 ), made of the modified particles (2) covered with 
a film of polyamide resin. When measured by the optical 
detecting device 3, the diameters of the modified parti- 
cles (11) were found to be substantially uniform, with an 
average primary diameter of 1 .5um. 

(EXAMPLE 12) 

[0193] Using the particle modifying device 21 shown 
in Figure 2, modified particles were prepared according 
to the method discussed in the foregoing first embodi- 
ment. 

[0194] First, as the monomer B, adipoyl chloride was 
placed in the reservoir section 26c of the particle modi- 
fying device 21, and, at atmospheric pressure, heated 
to 433K using the heating device 7, producing a satu- 
rated vapor of adipoyl chloride in the space 26b. 
[0195] Next, the saturated vapor of adipoyl chloride 
was introduced into the processing space 22b. Then, 
particles made of a mixed water solution of C.I. Acid Red 
8 (a dye), 1 ,6-hexanediamine, and sodium hydroxide (a 
catalyst) were cooled, along with helium gas. by the 
cooling device 29, and introduced, through the particle 
intake 4 and the particle introducing pipe 24, Into the 
saturated vapor atmosphere of adipoyl chloride in the 
processing space 22b. 

[0196] Then the saturated vapor of adipoyl chloride 
was cooled by the foregoing particles, putting it in a su- 
per-saturated state, and the foregoing particles were ex- 
posed to the super-saturated vapor of adipoyl chloride 
for 1 minute. By this means, a polycondensation reac- 
tion between 1,6-hexanediamine contained in the fore- 
going particles and adipoyl chloride took place on the 
surface of the foregoing particles, producing polyamide 
resin. This yielded modified particles (12), having on 
their surface a film of polyamide resin which includes C. 
I. Acid Red 8. When measured by the optical detecting 
device 3, the diameters of the modified particles (12) 
were found to be substantially uniform, with an average 



primary diameter of 2pm. 
(EXAMPLE 13) 

s [0197] Using the particle modifying device 1 shown in 
Figure 1 , modified particles were prepared according to 
a method equivalent to that of Example 2. 
[0198] First, as the monomer B, 1 ,3-diaminopropane 
was placed in the condensing chamber 2 of the particle 

10 modifying device 1. The interior of the condensing 
chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 41 3K using the 
heating device 7, yielding a saturated vapor of 1,3-di- 
aminopropane. 

is [0199] Next, isophthalaldehyde, as the monomer A, 
was mixed with carbon black, yielding mixed particles. 
The mixed particles were introduced, along with nitro- 
gen gas, through the particle intake 4 into the saturated 
vapor atmosphere of 1 ,3-diaminopropane. Then the sat- 

20 urated vapor of 1,3-diaminopropane was adiabatically 
expanded by reducing pressure through the pressuriz- 
ing/depressurizing opening 6, yielding a super-saturat- 
ed vapor of 1,3-diaminopropane. 
[0200] The mixed particles were then exposed to the 

2S super-saturated vapor of 1,3-diaminopropane for 5 min- 
utes, causing 1 ,3-diaminopropane to condense on the 
surface of the mixed particles. By this means, a poly- 
condensation reaction between isophthalaldehyde con- 
tained in the mixed particles and 1 ,3-diaminopropane 

30 took place on the surface of the mixed particles, produc- 
ing polyazomethine resin. This yielded modified parti- 
cles (13), made of carbon black covered with a film of 
polyazomethine resin. When measured by the optical 
detecting device 3, the diameters of the modified parti- 
es cles (1 3) were found to be substantially uniform, with an 
average primary diameter of 2*im. 

(EXAMPLE 14) 

40 [0201] Using the particle modifying device 31 shown 
in Figure 4, modified particles were prepared according 
to a method equivalent to that of Example 1 . 
[0202] First, as the monomer A, 1 ,3-diaminopropane 
was placed in the condensing chamber 2 of the particle 

45 modifying device 1A. The interior of the condensing 
chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 41 3K using the 
heating device 7, yielding a saturated vapor of 1,3-di- 
aminopropane. 

so [0203] Next, as the core particles, particles of 1 ,6-hex- 
anediamine were introduced, along with nitrogen gas, 
through the particle intake 4 into the saturated vapor at- 
mosphere of 1,3-diaminopropane. Then the saturated 
vapor of 1 ,3-diaminopropane was adiabatically expand - 

55 ed by reducing pressure through the pressurizing/de- 
pressurizing opening 6, yielding a super-saturated va- 
por of 1,3-diaminopropane. The particles of 1,6-hexan- 
ediamine were then exposed to the super-saturated va- 
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por of 1 , 3-dlaminopropane for 2 minutes, causing 1 ,3-di- 
aminopropane to condense on the surface of the parti- 
cles of 1,6-hexanediamine. 

[0204] Next, as the monomer B, sebaooyl chloride 
was placed in the condensing chamber 2 of the particle 
modifying device 1. The interior of the condensing 
chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 453K using the 
heating device 7, yielding a saturated vapor of sebacoyl 
chloride. Then the particles of 1,6-hexanediamine with 
1,3-diaminopropane condensed thereon were dis- 
charged from the condensing chamber 2 of the particle 
modifying device 1 A, along with nitrogen gas, and intro- 
duced through the particle intake 4 into the saturated 
vapor atmosphere of sebacoyl chloride in the condens- 
ing chamber 2 of the particle modifying device 1. 
[0205] Then the saturated vapor of sebacoyl chloride 
in the condensing chamber 2 of the particle modifying 
device 1 was adiabatically expanded by reducing pres- 
sure through the pressurizing/depressurizing opening 6, 
yielding a super-saturated vapor of sebacoyl chloride. 
The particles of 1 ,6-hexanediamine were then exposed 
to the super-saturated vapor of sebacoyl chloride for 2 
minutes, causing sebacoyl chloride to condense on the 
surface of the 1,6-hexanediamine particles. By this 
means, a polycondensation reaction took place among 
the particles of 1.6-hexanediamine, 1,3-diaminopro- 
pane, and sebacoyl chloride, yielding modified particles 
(14), made of polyamide resin. When measured by the 
optical detecting device 3, the diameters of the modified 
particles (14) were found to be substantially uniform, 
with an average primary diameter of 2pm. 

(EXAMPLE 15) 

[0206] Using the particle modifying device 1 shown in 
Figure 1 , modified particles were prepared according to 
a method equivalent to that of Example 2. 
[0207] First, as the monomer B, 1,3-diaminopropane 
was placed in the condensing chamber 2 of the particle 
modifying device 1. The interior of the condensing 
chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 41 3K using the 
heating device 7, yielding a saturated vapor of 1 ,3-di- 
aminopropane. 

[0208] Next, mixed particles made of a mixture of 
1,4,5,8-naphthalentetracarboxylic dianhydride, as the 
monomer A, and 3,3\4,4'-benzophenontetracarboxylic 
dianhydride were introduced, along with nitrogen gas, 
through the particle intake 4 into the saturated vapor at- 
mosphere of 1,3-diaminopropane in the condensing 
chamber 2. Then the saturated vapor of 1 ,3-diaminopro- 
pane in the condensing chamber 2 wa6 adiabatically ex- 
panded by reducing pressure through the pressurizing/ 
depressurizing opening 6, yielding a super-saturated 
vapor of 1,3-diaminopropane. 

[0209] The mixed particles were then exposed to the 
super-saturated vapor of 1 ,3-diaminopropane for 3 min- 



utes, causing 1,3-diaminopropane to condense on the 
surface of the mixed particles. By thi6 means, a poly- 
condensation reaction took place among 1 ,4,5,8-naph- 
thalentetracarboxylic dianhydride, 3,3\4,4' -benzophe- 

s nontetracarboxylic dianhydride, and 1,3-diaminopro- 
pane, yielding modified particles (15), made of potyamic 
acid resin. When measured by the optical detecting de- 
vice 3, the diameters of the modified particles (15) were 
found to be substantially uniform, with an average pri- 

10 rnary diameter of 2pm. 

(EXAMPLE 16) 

[0210] Using the particle modifying device 1 shown in 
*5 Figure 1 , modified particles were prepared according to 
a method equivalent to that of Example 2. 
[0211] First, as the monomer B, 1,3-diaminopropane 
was placed in the condensing chamber 2 of the particle 
modifying device 1. The interior of the condensing 
20 chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6 and heated to 41 3K using the 
heating device 7, yielding a saturated vapor of 1,3-di- 
aminopropane. 

[0212] Next, mixed particles made of terephthalalde- 
25 hyde and terephthatoyl chloride as the monomer A, and 
carbon black, were introduced, along with nitrogen gas, 
through the particle intake 4 into the saturated vapor at- 
mosphere of 1,3-diaminopropane in the condensing 
chamber 2. Then the saturated vapor of 1 ,3-diaminopro- 
30 pane was adiabatically expanded by reducing pressure 
through the pressurizing/ depressurizing opening 6, 
yielding a super-saturated vapor of 1,3-diaminopro- 
pane. 

[0213] The mixed particles were then exposed to the 
3S super-saturated vapor of 1 ,3-diaminopropane for 3 min- 
utes, causing 1,3-diaminopropane to condense on the 
surface of the mixed particles. By this means, on the 
surface of the mixed particles, a condensation reaction 
took place between 1 ,3-diaminopropane and terephtha- 
40 laldehyde, and a condensation reaction between 1 ,3-di- 
aminopropane and terephthatoyl chloride, producing a 
resin having both a polyazomethine chain and a polya- 
mide chain. This yielded modified particles (16), made 
of carbon black covered with a film of the foregoing re6- 
4£ in. When measured by the optical detecting device 3, 
the diameters of the modified particles (16) were found 
to be substantially uniform, with an average primary di- 
ameter of 2pm. 

[0214] The following will explain a method of manu- 
so facturing modified particles according to a further em- 
bodiment of the present invention. 
[0215] The method of manufacturing modified parti- 
cles according to the present embodiment is a method 
of performing surface modification by exposing particles 
55 containing a monomer A to a super-saturated atmos- 
phere of a monomer B, causing the monomer B to con- 
dense on the surface of the particles, and causing a po- 
lymerization reaction between the monomers A and B 
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on the surface of the particles, thereby forming a poly- 
mer film on the particles, in which a compound having 
two or more sulfonyl halkte groups is used for either the 
monomer A or the monomer B. 

[0216] Further, modified particles according to the s 
present embodiment have a structure obtained accord- 
ing to the foregoing method. In the present embodiment, 
for ease of explanation, a clear distinction will be made 
by referring to the foregoing particles on which surface 
modification is to be performed as the "base particles,' w 
and referring to the modified particles according to the 
present embodiment, obtained by modifying the surface 
of the base particles, as the "modified particles.' 
[021 7] Specific examples of base particles Include the 
various inorganic particles listed in the first embodiment « 
above, such as particles made of water (water droplets), 
and the various organic particles listed in the first em- 
bodiment above. In other words, any compound which 
can take a form such as aerosol particles or mist parti* 
cles, regardless of its structure, may be used for the 20 
base particles according to the present embodiment. In 
referring to organic compounds, 'saturated" will mean 
that there are no unsaturated carbon -carbon bonds oth- 
er than an aromatic ring or heterocyclic ring; "unsaturat- 
ed" will mean that there are unsaturated carbon-carbon 2s 
bonds other than an aromatic ring or heterocyclic ring. 
[021 8] A single one of the foregoing compounds, or a 
combination of two or more of them, may be used as the 
base particles. In the method of manufacturing modified 
particles according to the present embodiment, the base 30 
particles may be solid or liquid at room temperature and 
atmospheric pressure. In other words, in the method of 
manufacturing modified particles according to the 
present embodiment, compounds which are liquid at 
room temperature and atmospheric pressure may be 36 
used for the base particles. Consequently, regardless of 
whether the base particles are solid or liquid, the surface 
properties thereof can be modified. Incidentally, in the 
present embodiment, "room temperature' will mean 
293K, and 'atmospheric pressure" will mean 1 atmos- *o 
phere. 

[0219] Even when the base particles are liquid at 
room temperature and atmospheric pressure, surface 
modification thereof can be performed in the same way 
as with solid base particles, by polymerizing the mono- *s 
mers A and B on the surface of the base particles to 
form a polymer film covering the surface thereof. For this 
reason, since the polymer film in this case functions as 
a so-called capsule, modified particles can be obtained 
which are solid, but which enclose base particles which *o 
are liquid at room temperature and atmospheric pres- 
sure. 

[0220] The base particles may be made of the mono- 
mer A (to be discussed below) alone. Again, as men- 
tioned above, a combination of two or more compounds ss 
may be usedforthe base particles, and accordingly, oth- 
er compounds may be added to the monomer A as 
needed, according to the use to which the modified par- 



ticles are to be put. By structuring the base particles of 
a plurality of substances in this way, i.e., by using a com- 
bination (a mixture, for Instance) of two or more com- 
pounds as the base particles, it Is easy to obtain modi- 
fied particles which contain compounds having a plural- 
ity of functions. 

[0221] Further, when using a combination of two or 
more compounds, if at least one of the compounds Is 
water, modified particles containing water can be ob- 
tained. In addition, when using a combination of two or 
more compounds, if at Iea6t one of the compounds is a 
pigment or a dye. modified particles of a desired color 
can be obtained. 

[0222] The base particles are not limited to any spe- 
cific primary particle diameter or average geometric par- 
ticle diameter. Further, when a mixture of two or more 
compounds Is used as the base particles, the respective 
compounds may be solids, or they may be liquids, or a 
combination of solids and liquids may be used. 
[0223] The method of preparing the base particles of 
the foregoing compound (or mixture of a plurality of com- 
pounds) is not limited to any method in particular; spe- 
cific examples of methods include (1 ) grinding, and then 
classification; (2) dissolving in a solvent (to be discussed 
below), and then preparing aerosol particles or mist par- 
ticles of this solution; (3) dispersing in a solvent, and 
then preparing aerosol particles or mist particles of this 
dispersion; and (4) vaporizing, and then preparing fume 
by aggregating this gas (vapor). 
[0224] In the present embodiment, base particles 
made of the monomer A (to be discussed below) alone 
may be used; in this case, if the monomer A is under 
room temperature and atmospheric pressure, base par- 
ticles made of the monomer A alone may be suitably 
obtained by means of the foregoing method (4). How- 
ever, when base particles are prepared using two or 
more compounds including the monomer A, a method 
of preparing the base particles including any of the fore- 
going methods (1) through (4) can be selected as nec- 
essary, depending to the compounds other than the 
monomer A. 

[0225] The solvents used in the foregoing methods (2) 
and (3) are not limited to any solvents in particular, but 
specific examples of solvents which may be used in- 
clude water; alcohols such as methyl alcohol, ethyl al- 
cohol, propyl alcohol, and butyl alcohol; polyhydric al- 
cohols such as glycerin, ethylene glycol, diethylene gly- 
col, tri ethylene glycol, propylene glycol, dip ropy lone gly- 
col, and trip ropy lene glycol; ketones such as methyle- 
thyl ketone and methylisobutyl ketone; nitrogen-con- 
taining heterocyclic compounds such as N-methyl- 
2-pyrrolidone, and e-caprolactam; aliphatic hydrocar- 
bons such as hexane and cyclohexane; aromatic hydro- 
carbons such as toluene and xylene; amides such as N~ 
methylform amide and N.N-dlmethylform amide; ethers 
such as diethyl ether; amines such as diethyl amine and 
triethyl amine; and compounds containing sulfur, such 
as dimethyl sulfoxide. One of the foregoing solvents 
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may be used alone, or two or more may be used in com- 
bination. Incidentally, the solvent is one of the com- 
pounds making up the base particles. In other words, in 
the method of manufacturing modified particles accord- 
ing to the present embodiment, a mixture including a sol- s 
vent is treated as the base particles. 
[0226] The modified particles according to the present 
embodiment are obtained by first including the mono- 
mer A in the base particles, and then condensing the 
monomer B on the surface of the base particles to form 10 
thereon a film of surface modification agent made of res- 
in. 

[0227] In other words, in the method of manufacturing 
modified particles according to the present embodi- 
ment, by polymerizing two monomer substances on the 
surface of the base particles, a polymer film of surface 
modification agent Is formed thereon. 
[0228] In the present method of manufacturing modi- 
fied particles, there is no danger of the base particles 
becoming electrically charged due to friction, etc., and 20 
surface modification of the base particles can be per- 
formed in a gas phase. For these reasons, surface mod- 
ification of particles can be performed using simpler op- 
erations and in a shorter time than with conventional 
methods. 2s 
[0229] Further, by selecting the monomer substances 
as needed, a film of a surface modification agent (poly- 
mer) can be obtained which is suited to the use to which 
the modified particles are to be put. Furthermore, since 
the monomers to be used may be chosen from among 30 
a wide variety of monomers (provided they are polym- 
erizable on the surface of the base particles), a variety 
of polymers can be formed as surface modification 
agents. 

[0230] In particular, as discussed above, the base 3S 
particles may be made solely of the monomer A. In this 
case, without using another compound for the base par- 
ticles, modified particles made solely of a polymer of the 
monomers A and B can be obtained. Further, since the 
modified particles obtained in such a case are more uni- *o 
formly spherical, spherical resin particles made of the 
foregoing polymer can be obtained more simply 
[0231] Here, "monomer A" refers to the monomer 
substance included in the base particles, and "monomer 
B" refers to the monomer substance to be condensed 
on the surface of the base particles which include the 
monomer A. 

[0232] In the present method of manufacturing modi- 
fied particles, a compound having two or more sulfonyl 
halide groups is used for either the monomer A or the so 
monomer B. The compound used for the other of the 
monomer A or the monomer B is not limited to any com- 
pound in particular, provided it is polymerizable on the 
surface of the base particles with the compound having 
two or more sulfonyl halide groups, but preferably Is a 
compound having two or more functional groups capa- 
ble of a condensation reaction with the sulfonyl halide 
groups. 



[0233] Further, it is preferable If the combination of the 
monomer A and the monomer B is a combination in 
which (1 ) one of the monomer A and the monomer B is 
a compound having two or more sulfonyl halide groups, 
and the other is a compound having two or more hy- 
droxyl groups (hereinafter "combination A - ); (2) one of 
the monomer A and the monomer B is a compound hav- 
ing two or more sulfonyl halide groups, and the other is 
a compound having two or more mercapto groups (here- 
inafter "combination B"); (3) one of the monomer A and 
the monomer B is a compound having two or more sul- 
fonyl halide groups, and the other is a compound having 
two or more primary and/or secondary amino groups 
(hereinafter "combination C"); or (4) one of the monomer 
A and the monomer B is a compound having two or more 
sulfonyl halide groups, and the other is a compound hav- 
ing at least one each of two or more kinds of substitution 
group, chosen from among a hydroxyl group, a mercap- 
to group, a primary amino group, and a secondary ami- 
no group (hereinafter "combination D"). 
[0234] In the present embodiment, a "sulfonyl halide 
group" means a monatomic group shown by the chem- 
ical formula-S0 2 X (where X is a halogen atom, i.e., a 
fluorine atom, a chlorine atom, a bromine atom, or an 
iodine atom). Accordingly, compounds having a sulfonyl 
halide group can be called sulfonyl halides. 
[0235] Further, a "compound having two or more pri- 
mary and/or secondary amino groups" refers to the fol- 
lowing three types of compounds having at least one 
primary or secondary amino group: (1 ) compounds hav- 
ing two or more primary amino groups; (2) compounds 
having two or more secondary amino groups; and (3) 
compounds having at least one primary amino group 
and at least one secondary amino group. 
[0236] Further, a "primary amino group" means a 
monatomic group shown by the chemical formula -NH 2 , 
i.e , afunctional group normally referred to simply as an 
"amino group." A "secondary amino group," on the other 
hand, means a monatomic group shown by the chemical 
formula-NHR (where R is a substitution group such as 
an alkyl group). In other words, a "secondary amino 
group" is a functional group in which the hydrogen atom 
in one of the two nitrogen-hydrogen bonds of a primary 
amino group is replaced with a substitution group such 
as an alkyl group. Accordingly, compounds having a pri- 
mary amino group and compounds having a secondary 
amino group can be called primary and secondary 
amines, respectively. 

[0237] Specific examples of the foregoing compound 
having two or more sulfonyl halide groups (hereinafter 
referred to as "compound S") include 1,2-ethanedisul- 
fonyl chloride, 1,3 -propaned is u If ony I chloride, 1,4-bu- 
tanedisulfonyl chloride, acetonedisulfonyl chloride, 1,3 
-benzenedisulfonyl chloride, 4,4'-biphenykJisulfonyl 
chloride, 4,4'-stilbenedisulfonyl chloride, piperazine- 
1,4-bis (2-ethansulfonyl chloride), 2,4-mesitylensulfonyl 
chloride, 2,7-dihydroxynaphthalene-3,6-disulfonyl chlo- 
ride, naphthalene-1,3,6-trisulfonyl chloride, 2,4,5,6-te- 
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tramethylbenzenedisulfonyl chloride, and piperazine- 

1 .4- bis (2-hydroxypropanedisulfonyl chloride). 
[0238] Specific examples of trie foregoing compound 
having two or more hydroxyl groups (hereinafter re- 
ferred toas "compound A*) include ethylene glycol, glyc- 
erol, diethylene glycol, Methylene glycol, 1 ,4-hydroqui- 
none. 1,6-hexanediol, blsphenol A, 2,5-dihydroxytolu- 
ene, 4,4'-dihydroxyblphenyl, and 1,4-butanediol. 
[0239] Specific examples of the foregoing compound 
having two or more mercapto groups (hereinafter re- 
ferred to as "compound B") include ethanedithiol, 
1,3-propanedithiol, 1 ,4-butanedithiol, 1,10-decanedithi- 
ol. 1,4-benzenedfthiol, di(2-mercaptoethyl) ether, 

1.5- dimercaptonaphthalene, 2,3-dimercapto succinic 
acid, ^S-dimercaptCHl^-thiadiazole, and 1,4-bis 
(mercaptomethyl) benzene. 

[0240] Specific examples of the foregoing compound 
having two or more primary anoVor secondary amino 
groups (hereinafter referred to as "compound C") in- 
clude 1,3-diamlnopropane, 1 ,6-diaminohexane, 1,4-di- 
aminocyclohexane, piperazine, dimethyl piperazine, 
1 , 1 0-diaminodecane, 1 ,12-diaminododecane, urea, 
thiourea, 1 ,2-phenylenediamine, 1 ,2,4-triaminoben- 
zene, 2,4-diaminotoluene, 2,6-diaminotoluene, 3,3'«di- 
aminobenzidine, 3,3'-diaminobenzophenone, and 4,4'- 
diaminodicyclohexylmethane. 

[0241] Specific examples of the foregoing compound 
having at least one each of two or more kinds of substi- 
tution group chosen from among a hydroxyl group, a 
mercapto group, a primary amino group, and a second- 
ary amino group (hereinafter referred to as "compound 
D") include 1 ,4-dirnercapto-2,3-butanediol, 2,5-diami- 
no-1,4-benzenedithiol, 2-amino-4-cresol. 4^aminocy- 
clohexanol, 2-aminoethanethiol, 2-(2-aminoethylami- 
no) ethanol, 6-amino-2-mercaptobenzothiazole, 2-ami- 
no-5-mercapto-1 ,3,4-thiadiazole, mercaptoethanol, 
2-aminobenzenethiol, and 2-aminophenol. 
[0242] It is particularly preferable if the secondary 
amino group in compound C and in compound D is a 
monoalkyl amino group. A monoalkyl amino group is a 
functional group in which the hydrogen in one of the two 
nitrogen-hydrogen bonds of a primary amino group is 
replaced by a alkyl group. 

[0243] Further, the foregoing compounds S, A, B, and 
C may be compounds in which a saturated aliphatic hy- 
drocarbon, an unsaturated aliphatic hydrocarbon, a sat- 
urated aromatic hydrocarbon, an unsaturated aromatic 
hydrocarbon, a saturated heterocyclic compound, or an 
unsaturated heterocyclic compound includes two or 
more of the respective functional groups, i.e. sulfonyl < 
halide groups for the compound S, hydroxyl groups for 
the compound A, mercapto groups for the compound B, 
and primary or secondary amino groups for the com- 
pound C. 

[0244] In the same way, the compound D may be a * 
compound in which a saturated aliphatic hydrocarbon, 
an unsaturated aliphatic hydrocarbon, a saturated aro- 
matic hydrocarbon, an unsaturated aromatic hydrocar- 



bon, a saturated heterocyclic compound, or an unsatu- 
rated heterocyclic compound includes at least one each 
of two or more kinds of substitution group, selected from 
among a hydroxyl group, a mercapto group, a primary 
amino group, and a secondary amino group. 
[0245] Each of the foregoing saturated aliphatic hy- 
drocarbon, unsaturated aliphatic hydrocarbon, saturat- 
ed aromatic hydrocarbon, unsaturated aromatic hydro- 
carbon, saturated heterocyclic compound, and unsatu- 
» rated heterocyclic compound may have a functional 
group such as an amide group, a hydroxyl group, a car- 
bony! group, a carboxyl group, a halogen group, a nitro 
group, or a sulfonyl group; and may have a bond such 
as an ester. 

[0246] In the present Specification, "hydrocarbon" re- 
fers, not only to the compounds made up of only carbon 
and hydrogen atoms which are generally called hydro- 
carbons (hereinafter referred to as "true hydrocar- 
bons"), but also to derivatives of the true hydrocarbons. 
Accordingly, along with saturated aliphatic hydrocar- 
bons, unsaturated aliphatic hydrocarbons, saturated ar- 
omatic hydrocarbons, and unsaturated aromatic hydro- 
carbons are included derivatives of the true hydrocar- 
bons generally referred to as saturated aliphatic hydro- 
carbons, unsaturated aliphatic hydrocarbons, saturated 
aromatic hydrocarbons, and unsaturated aromatic hy- 
drocarbons, such as compounds in which a hydrogen 
atom of one of the foregoing true hydrocarbons is re- 
placed with a functional group such as an amide group, 
a hydroxyl group, acarbonyl group, a carboxyl group, a 
halogen group, a nitro group, or a sulfonyl group; and 
compounds in which an ester bond is inserted in a car- 
bon-carbon bond of one of the foregoing true hydrocar- 
bons (one having two or more carbon atoms). 
[0247] Here, when one of the foregoing saturated 
aliphatic hydrocarbons, unsaturated aliphatic hydrocar- 
bons, saturated aromatic hydrocarbons, unsaturated ar- 
omatic hydrocarbons, saturated heterocyclic com- 
pounds, and unsaturated heterocyclic compounds in- 
cludes in its structure one of the foregoing functional 
groups, it is sufficient if its structure includes a total of 
two or more functional groups (including the foregoing 
functional group). 

[0246] For example, in the case of the compound A, 
examples of the compound A are 1 ,2-propanediol and 
glycerol. In both of these compounds, 2-propanol, a sat- 
urated aliphatic hydrocarbon with a carbon number of 
3, provides the basic structure, and a hydroxyl group is 
attached to one (or two) of the 3 carbon atoms of the 
2-propanol. in other words, in 1,2-propanediol, a hy- 
droxyl group is attached to the carbon atom in position 
1 of the saturated aliphatic hydrocarbon 2-propanol, and 
in glycerol, a hydroxyl group is attached to each of the 
carbon atoms in positions 1 and 3 of the 2-propanol. 
[0249] Again, in the case of the compound C, exam- 
ples of the compound C are 1,2-phenylenediamine and 
1 ,2,4-triaminobenzene. In both of these compounds, 
aniline, a saturated aromatic hydrocarbon with a carbon 
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number of 6, provides the basic structure, and an amino 
group is attached to one (or two) of the 6 carbon atoms 
of the aniline. In other words, in 1 ,2-phenylenediamine, 
an amino group (primary amino group) is attached to the 
carbon atom in position 2 of the saturated aromatic hy- s 
drocarbon aniline, and in 1,2,4-triaminobenzene, an 
amino group (primary amino group) Is attached to each 
of the carbon atoms in positions 2 and 4 of the aniline. 
[0250] Again, in the case of the compound D, exam- 
ples of the compound D are 2-aminobenzenethlol and to 
2,5-diamino«1 l 4-benzenedithiol. In both of these com- 
pounds, thlophenol, a saturated aromatic hydrocarbon 
with a carbon number of 6, provides the basic structure, 
and an amino group (primary amino group) and/or a 
mercapto group are attached to one or several of the 6 « 
carbon atoms of the thiophenol. In other words, in 2-amf- 
nobenzenethiol, an amino group (primary amino group) 
is attached to the carbon atom in position 2 of the satu- 
rated aromatic hydrocarbon thiophenol, and in 2,5-di- 
amino-1,4-benzenedithiol, an amino group (primary 20 
amino group) is attached to each of the carbon atoms 
in positions 2 and 5 of the thiophenol, and a mercapto 
group to the carbon atom in position 4 of the thiophenol. 
[0251] However, the expression used above, to the ef- 
fect that the foregoing functional groups are "attached" 2s 
to the saturated aliphatic hydrocarbons and other com- 
pounds which provide the basic structures, does not 
mean that they are attached to the basic structures 
through a chemical reaction such as an addition reaction 
or a transfer reaction. Rather, the expression to the ef- 30 
feet that the foregoing functional groups are "attached" 
to the foregoing basic structures is merely used for con- 
venience in explaining the structure of the compounds 
S, A, B, C, and D in more detail. 

[0252] Incidentally, in manufacturing the compounds 35 
to be used for the compounds S, A, B, C, and D, when 
it is possible to chemically attach the foregoing function- 
al groups to the saturated aliphatic hydrocarbons and 
other compounds which provide the basic structures, 
and when it is industrially advantageous to do so (when, 40 
for example, manufacturing a compound by attaching a 
functional group can reduce increases in manufacturing 
cost or yield a compound of high quality), then it is, of 
course, suitable to use such a manufacturing method of 
chemically attaching a functional group to a basic struc- 45 
ture. 

[0253] In the foregoing combinations A, B, C, and D, 
the monomer A may be either the compound S or the 
compound A, B, C, or D, respectively. In other words, in 
the foregoing combinations A, B, C, and D, the com- *o 
pound S may be either the monomer A or the monomer 
B. The modified particles according to the present third 
embodiment may be obtained by using as the combina- 
tion of the monomer A andothe monomer B a combina- 
tion of the compound S and any of the compounds A, 55 
B, C, and D. 

[0254] Of the compounds listed above as examples 
of the compounds S, A, B, C, and D. a single compound 



may be used alone for the monomer substance, or two 
or more compounds may be U6ed. In other words, the 
film of surface modification agent obtained by polymer- 
ization of the monomers A and B may be a co-poiymer 
obtained by polymerization of three or more com- 
pounds. However, the three or more compounds used 
must be used as the monomers A and B, and should 
preferably fall under one of the foregoing combinations 
A, B, C, and D. 

[0265] In the method of manufacturing modified par- 
ticles according to the present third embodiment, a com- 
pound having two or more sulfonyl halide groups is used 
for either the monomer A or the monomer B, or prefer- 
ably, one of the foregoing combinations A, B, C, or D is 
used for the monomers A and B. Consequently, with the 
present method, reactivity between the functional 
groups of the monomer A and the functional groups of 
the monomer B is improved, and thus the polymerization 
reaction proceeds faster than when other combinations 
of monomers are used, and a polymer film can be 
formed more easily on the surface of the base particles. 
[0256] It is preferable if at least the monomer B is a 
liquid at room temperature and atmospheric pressure. 
By this means, it is easier to obtain a saturated vapor of 
the monomer substance(s), and easier to introduce the 
monomer substance(s) into the particle modifying de- 
vice which performs surface modification. With the mon- 
omer B, in particular, in order to obtain a super-saturated 
vapor thereof, the monomer B should preferably be liq- 
uid at room temperature and atmospheric pressure. Fur- 
ther, using a monomer A which is also liquid at room 
temperature and atmospheric pressure has the advan- 
tage that it is easy to include the monomer A in the base 
particles. 

[0257] A polymerization reaction between the mono- 
mers A and B takes place through contact of the respec- 
tive monomer substances, but when a polymerization 
reaction is difficult to induce, a catalyst may be used as 
necessary. By using such a catalyst, the polymerization 
reaction can be expedited. The catalyst may be selected 
as needed, and may be either solid or liquid at room tem- 
perature and atmospheric pressure. 
[0258] The method of adding the foregoing catalyst to 
the polymerization reaction system of the monomers A 
and B is not limited to any method in particular, and a 
method may be used whereby the catalyst is previously 
included in the base particles. With this method, various 
methods for including the monomer A in the base parti- 
cles may be used. 

[0259] It is preferable to use the foregoing catalyst in 
the polymerization reaction between the monomers A 
and B. Provided it is a true catalyst which does not ob- 
struct the polymerization reaction and increases reac- 
tion rate, the catalyst used is not limited to any catalyst 
in particular. Examples of organic catalysts include 
amines such as triethylamine, triethylenediamine, and 
triethanoldiamine; and nitrogen -containing heterocyclic 
compounds such as pyridine, 2,6-dimethyl pyridine, 
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2,3.5,6-tetramethyl pyridine, and pyrazine. Further, ex- 
amples of inorganic catalysts include alkali metal salt6 
such as sodium hydroxide, potassium hydroxide, sodi- 
um carbonate, sodium hydrogencarbonate, potassium 
acetate, and tert-butoxypotassium. 
[0260] In the foregoing method, the monomer A is in- 
cluded in the base particles. Examples of methods of 
adding the monomer A to the base particles include the 
condensation method, in which the monomer A is con- 
densed on the surface of the base particles, and then 
the monomer B is condensed on the surface of the base 
particles with the monomer A condensed thereon; and 
the mixing method, in which one or more solid or liquid 
compounds making up the base particles are mixed with 
the monomer A, yielding a mixture, of which particles 
are prepared, yielding the base particles. However, the 
method of adding the monomer A is not limited to the 
foregoing two methods, and any method is acceptable 
provided the monomer A is included in the base particles 
in such a manner that it may be polymerized with the 
monomer B. 

[0261] Of the foregoing methods, in the condensation 
method, since the monomer A is condensed on the sur- 
face of the base particles, a film of polymer (surface 
modification agent) can be suitably formed regardless 
of the state of the surface of the base particles. However, 
since the monomer B must also be condensed on the 
surface of the base particles, two particle modifying de- 
vices for condensing monomer substances are neces- 
sary. With the mixing method, on the other hand, only 
one particle modifying device, for condensing the mon- 
omer B, is necessary, but, depending on the compound 
(s) used for the base particles, there may be cases in 
which the monomer A cannot be mixed therewith. Con- 
sequently, the method of adding the monomer may be 
selected as needed in accordance with the type of com- 
pound(s) to be used for the base particles, and the use 
to which the modified particles are to be put. 
[0262] The method of bringing the base particles into 
contact with super-saturated vapors of the monomer A 
and/or the monomer B and attaching the monomer sub- 
stance to the surface of the base particles is not limited 
to any method in particular, but a suitable method is one 
in which the base particles are exposed to a super-sat- 
urated vapor of the monomer substance, causing the 
monomer substance to condense on the surface of the 
base particles. Specific examples include methods in 
which, after forming a saturated vapor of the monomer 
substance in a particle modifying device, (1) the base 
particles are introduced therein, and a super-saturated 
vapor is obtained by adiabatic expansion of the saturat- 
ed vapor, causing the monomer substance to condense 
on the surface of the base particles, (2) the base parti- 
cles are introduced therein, and a super-saturated vapor 
is obtained by super-cooling the saturated vapor, caus- 
ing the monomer substance to condense on the surface 
of the base particles, or (3) cooled base particles (base 
particles of a lower temperature than the saturated va- 



por) are Introduced therein, and temperature difference 
between the monomer substance and the base particles 
causes the monomer substance to condense on the sur- 
face of the base particles. However, the method used is 

S not limited to the foregoing methods; any method may 
be used provided the conditions thereof do not give rise 
to mutual aggregation or alteration of the base particles. 
In this way, a film is formed of the monomer substance 
condensed on the surface of the base particles. 

w [0263] When the foregoing film of the monomer sub- 
stance is a film of the monomer A, the state of attach- 
ment of the monomer A to the surface of the base par- 
ticles is not limited to any state in particular, provided 
that it is a state in which the monomer A is potymerizable 
with the monomer B later to be condensed on the sur- 
face of the base particles. However, it is preferable if the 
monomer A is merely attached to the surface of the base 
particles. It is not preferable for the monomer A to be 
bonded thereto by chemical reaction, etc., because this 

20 may obstruct the polymerization reaction. 

[0264] By selecting the monomer substances to be 
used from among the foregoing combinations A, B, C, 
and O, and from among the specific compounds listed 
for each of the combinations A, B, C, and D, the modified 

25 particles obtained may be given various functions. Inci- 
dentally, since a polymer film of surface modification 
agent which is solid at room temperature and atmos- 
pheric pressure is formed on the surface of the base par- 
ticles, i.e., since a solid polymer film of surface modifi- 

30 cation agent is attached so as to cover the surface of 
the base particles, even if the base particles are liquid 
at room temperature and atmospheric pressure, the pol- 
ymer film can function as a so-called capsule to enclose 
the liquid base particles. In other words, base particles 

36 which are liquid at room temperature and atmospheric 
pressure can be surface-modified. 
[0265] The method of introducing the base particles 
into the particle modifying device filled with thesaturated 
vapor of the monomer substance is not limited to any 

40 method in particular, but a simple method is one in 
which, using one of the foregoing inert gases as a car- 
rier, the base particles are introduced along with the inert 
gas. In other words, in the method of manufacturing 
modified particles according to the present embodi- 

45 ment, the base particles may be brought into contact 
with the super-saturated vapor of the monomer sub- 
stance in the presence of an inert gas. 
[0266] As discussed above, in the present method of 
manufacturing modified particles, it is preferable if the 

50 combination of the monomer A and the monomer B is 
one of (1) combination A, in which one of the monomer 
A and the monomer B is a compound having two or more 
sulfonyl halide groups, and the other is a compound hav- 
ing two or more hydroxyl groups; (2) combination B, in 

55 which one of the monomer A and the monomer B is a 
compound having two or more sulfonyl halide groups, 
and the other is a compound having two or more mer- 
capto groups; (3) combination C, in which one of the 
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monomer A and the monomer B is a compound having 
two or more sulfonyl halide groups, and the other is a 
compound having two or more primary and/or second- 
ary amino groups; or (4) combination D f in which one of 
the monomer A and the monomer B is a compound hav- 
ing two or more sulfonyl halide groups, and the other Is 
a compound having at least one each of two or more 
kinds of substitution group, chosen from among a hy- 
droxy I group, a mercapto group, a primary amino group, 
and a secondary amino group. 
[0267] If the combination of the monomer A and the 
monomer B id one of the foregoing combinations, the 
reactivity between the functional groups of the monomer 
A and the functional groups of the monomer B can be 
improved. Consequently, the polymerization reaction 
proceeds faster than when other combinations of mon- 
omers are used, and a polymer film can be formed more 
easily on the surface of the base particles, in particular, 
it is preferable to use monomer substances which are 
liquid, because this makes it easier to vaporize the mon- 
omer substance, include the monomer substance in the 
base particles, etc. 

[0268] In addition, the base particles may be liquid at 
room temperature and atmospheric pressure, and may 
be made of the monomer A alone. Again, the base par- 
ticles may be made of a plurality of substances. In the 
method of manufacturing modified particles according 
to the present embodiment, since a variety of substanc- 
es may be used for the base particles, it is easy to obtain 
modified particles having functions suitedtothe purpose 
for which they are used. 

[0269] Furthermore, in the present method of manu- 
facturing modified particles, the process for forming a 
polymer film can be performed a plurality of times. Con- 
sequently, by selecting the number of times to perform 
the process for forming the polymer film, It is possible to 
adjust the total thickness of the polymer film obtained 
Further, by using different monomers each time the 
process is performed, the surface properties of the base 
particles can be modified by a plurality of surface mod- 
ification agents (polymer films). Thus highly functional 
modified particles can be obtained more easily. 
[0270] As discussed above, the modified particles ac- 
cording to the present embodiment have a structure ob- 
tained according to the foregoing method. By this 
means, modified particles, made of base particles on the 
surface of which is formed a film of surface modification 
agent made of a polymer obtained by polymerization of 
a monomer A and a monomer B, can be easily provided. 
Further, even if the base particles are, for example, liq- 
uid at room temperature and atmospheric pressure, the 
modified particles obtained are solid, and can thus be 
handled simply and easily. In other words, it is possible 
to provide modified particles which enable liquid base 
particles to be handled as solids. Moreover, modified 
particles having a film of surface modification agent (pol- 
ymer) of a desired thickness, and highly functional mod- 
ified particles, can be provided. 



[0271] The modified particles according to the present 
embodiment are suitable for use for such purposes as 
pharmaceuticals, cosmetics, paint and other coatings, 
printing inks, toners (developers), ceramics, electronic 

5 materials, etc. 

[0272] The particle modifying devices shown in Fig- 
ures 1 through 5, having operations and effects equiv- 
alent to those explained in the first and second embod- 
iments above, are examples of particle modifying devic- 

10 es which can be suitably used in the method of manu- 
facturing modified particles using base particles and 
surface modification agents structured as described in 
the present third embodiment. 

[0273] In what follows, the present invention will be 
*5 explained in greater detail by means of Examples 17 
through 43 according to the third embodiment, but the 
present invention is not limited in any way by these spe- 
cific Examples. 



[0274] First, in the particle modifying device 1 A shown 
in Figure 4, 1 ,4-butanedisulfonyl chloride, as the mono- 
mer A, was supplied to the condensing chamber 2. The 

25 interior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 473K by the heating device 7, producing a va- 
por of 1 ,4-butanedisulfonyl chloride. 
[0276] Then, as the base particles, titanium oxide par- 

30 tides having a primary diameter of 0.5u/n were intro- 
duced, along with nitrogen gas, through the particle in- 
take 4 into the vapor atmosphere of 1 ,4-butanedisulfo- 
nyl chloride in the condensing chamber 2. 
[0276] Next, the 1 ,4-butanedisulfonyl chloride vapor 

ss in the condensing chamber 2 was adiabatically expand- 
ed, and the introduced base particles were exposed 
thereto for 3 minutes. Consequently. 1 ,4-butanedisulfo- 
nyl chloride condensed on the surface of the base par- 
ticles. 

40 [0277] Next, in the particle modifying device 1 shown 
in Figure 4, 1 ,6-hexanediol, as the monomer B, was sup- 
plied to the condensing chamber 2. The interior of the 
condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 

45 453K by the heating device 7. producing a vapor of 
1 ,6-hexanediol. Then the foregoing base particles with 
t ,4-butanedisulfonyl chloride condensed thereon were 
introduced, along with the nitrogen gas, through the par- 
ticle intake 4 into the vapor atmosphere of 1 ,6-hexane- 

so diol in the condensing chamber 2. 

[0278] Next, the 1 ,6-hexanediol vapor in the condens- 
ing chamber 2 was adiabatically expanded, and the in- 
troduced base particles were exposed thereto for 15 
minutes. Consequently, a polymerization reaction be- 

55 tween 1 ,4-butanedisulfonyl chloride and 1 ,6-hexanediol 
took place on the surface of the base particles, forming 
a film of 1,4-butanedisulfonylchloride-1 ,6-hexanediol 
co-polymer. 



20 (EXAMPLE 17) 



25 
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[0279] Formation of tho foregoing co-polymer film 
yielded modified particles (17) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (17) were found to be 
substantially uniform in quality and size, with a primary s 
diameter of 2um 

(EXAMPLE 1B) 

[0260] First, 1 ,4-benzenedithiol, as the monomer A, 10 
was mixed with triethylamine as a catalyst, forming base 
particles with an average geometric diameter of 1um. 
[0281] Next, as the monomer B, 1 ,4-butanedisulfonyl 
chloride was supplied to the condensing chamber 2 of 
the particle modifying device 1 shown in Figure 1. The 
interior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 473K by the heating device 7, producing a va- 
por of 1 ,4-butanedisulfonyl chloride. 
[0282] Then the base particles were introduced, along 20 
with argon gas, through the particle intake 4 into the va- 
por atmosphere of 1,4-butanedisulfonyl chloride in the 
condensing chamber 2. 

[0283] Next, the 1,4-butanedisulfonyl chloride vapor 
in the condensing chamber 2 was adiabatically expand- 2s 
ed, and the introduced base particles were exposed 
thereto for 15 minutes. Consequently, 1,4-butanedisul- 
fonyl chloride condensed on the surface of the base par- 
ticles. A polymerization reaction, using as a catalyst tri- 
ethylamine contained in the base particles, took place 30 
between 1 ,4-butanedisulfonyl chloride condensed on 
the surface of the base particles and 1 ,4-benzenedithiol 
contained therein, forming a film of 1,4-benzenedithiol- 
1 ,4-butanedisulfonylchloride co-polymer on the surface 
of the base particles. 3* 
[0284] Formation of the foregoing co-polymer film 
yielded modified particles (18) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (18) were found to be 
substantially uniform in quality and size, with a primary 40 
diameter of 1.5um. 

(EXAMPLE 19) 

[028S] First, 4,4 , -stilbenedisulfonyl chloride, as the *s 
monomer A, was mixed with C.I. Pigment Blue 199 (Ci- 
ba-Geigy Japan Limited product; a phthalocyanine pig- 
ment), forming base particles with an average geometric 
diameter of 1|im. 

[0286] Next, as the monomer B, diethylene glycol was so 
supplied to the condensing chamber 2 of the particle 
modifying device 1 A shown in Figure 4. The interior of 
the condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
443K by the heating device 7, producing a vapor of di- ss 
ethylene glycol. 

[0287] Then the base particles were introduced, along 
with nitrogen gas, through the particle intake 4 into the 



vapor atmosphere of diethylene glycol in the condens- 
ing chamber 2. 

[0268] Next, the diethylene glycol vapor in the con- 
densing chamber 2 was adiabatically expanded, and the 
introduced base particles were exposed thereto for 15 
minutes. Consequently, diethylene glycol condensed on 
the surface of the base particles. 
[0289] In the particle modifying device 1 shown in Fig- 
ure 4, triethylamine, as a catalyst, was supplied to the 
condensing chamber 2. The interior of the condensing 
chamber 2 was pressurized through the pressurizing/ 
depressurizing opening 6, and heated to 353K by the 
heating device 7, producing a vapor of triethylamine. 
[0290] Then the foregoing base particles with diethyl- 
ene glycol condensed thereon were introduced, along 
with the nitrogen gas, through the particle intake 4 into 
the vapor atmosphere of triethylamine in the condensing 
chamber 2. 

[0291] Next, the triethylamine vapor in the condens- 
ing chamber 2 was adiabatically expanded, and the in- 
troduced base particles were exposed thereto for 20 
minutes. Consequently, triethylamine condensed on the 
surface of the base particles with diethylene glycol pre- 
viously condensed thereon. A polymerization reaction, 
using as a catalyst triethylamine condensed on the sur- 
face of the base particles, took place between diethyl- 
ene glycol condensed on the surface of the base parti- 
cles and 4,4 , -stilbenedisulfonyl chloride contained 
therein, forming a film of 4 p 4'-stilbenedisulfonylchloride- 
diethylene glycol co-polymer on the surface of particles 
of C.I. Pigment Blue 199. 

[0292] Formation of the foregoing co-polymer film 
yielded modified particles (19) according to the present 
embodiment. In other words, modified particles (19) 
were obtained by the same method as in Example 17 
above. When measured by the optical detecting device 
3, the modified particles (1 9) were found to be substan- 
tially uniform in quality and size, with a primary diameter 
of 2um 

(EXAMPLE 20) 

[0293] First, 1 ,4-hydroquinone and triethylenedi- 
amine, as the monomer A, were dissolved in ethanol, 
and from this solution were formed base particles with 
an average geometric diameter of 1 urn 
[0294] Next, as the monomer B, 1 ,3-propanedisulfo- 
nyl chloride was supplied to the condensing chamber 2 
of the particle modifying device 1 shown in Figure 1 . The 
interior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 463K by the heating device 7, producing a va- 
por of 1 ,3-propanedisulfonyl chloride. 
[0295] Then the base particles were introduced, along 
with argon gas, through the particle intake 4 into the va- 
por atmosphere of 1 ,3-propanedisulfonyl chloride in the 
condensing chamber 2. 

[0296] Next, the 1 ,3-propanedisulfonyl chloride vapor 



26 



51 



EP 0 916 394 A2 



52 



in the condensing chamber 2 was adlabatically expand- 
ed, and the introduced base particles were exposed 
thereto for 1 5 minutes. Consequently, 1 ,3-propanedisul- 
fonyl chloride condensed on the surface of the base par- 
ticles. A polymerization reaction took place between 
1 ,3-propanedisulfonyl chloride condensed on the sur- 
face of the base particles and 1,4-hydroquinone con- 
tained therein, forming a film of 1 ,4-hydroquinone- 
1 ,3-propanedisulfonylchloride co-polymer on the sur- 
face of the base particles. 

[0297] Formation of the foregoing co-polymer film 
yielded modified particles (20) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (20) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 1.7jim. 

(EXAMPLE 21) 

[0298] First, in the particle modifying device 1 A shown 
in Figure 4, 1 ,4-butanedisulfonyl chloride, as the mono- 
mer A, was supplied to the condensing chamber 2. The 
interior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 473K by the heating device 7, producing a va- 
por of 1 ,4-butanedisulfonyl chloride. 
[0299] Then, as the base particles, the modified par- 
ticles (17) obtained in Example 17 (primary diameter: 
2u.m) were introduced, along with nitrogen gas, through 
the particle intake 4 into the vapor atmosphere of 1 ,4-bu- 
tanedisulfonyl chloride in the condensing chamber 2. 
[0300] Next, the 1 ,4-butanedisulfonyl chloride vapor 
In the condensing chamber 2 was adiabatically expand- 
ed, and the introduced modified particles (17) were ex- 
posed thereto for 2 minutes. Consequently, 1 ,4-butane- 
disulfonyi chloride condensed on the surface of the 
modified particles (17). 

[0301] Next, in the particle modifying device 1 shown 
in Figure 4, 1 ,6-hexanediol, as the monomer B, was sup- 
plied to the condensing chamber 2. The interior of the 
condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
453K by the heating device 7, producing a vapor of 
1 ,6-hexanediol. Then, the modified particles (17) with 
the 1 ,4-butanedisulfonyl chloride condensed thereon 
were introduced, along with the nitrogen gas, through 
the particle intake 4 into the vapor atmosphere of 
1 ,6-hexanediol in the condensing chamber 2. 
[0302] Next, the 1 ,6-hexanediol vapor in the condens- 
ing chamber 2 was adiabatically expanded, and the in- 
troduced modified particles (17) were exposed thereto 
for 18 minutes. Consequently, a further polymerization 
reaction between 1 ,4-butanedi6ulfonyl chloride and 
1 ,6-hexanediol took place on the surface of the modified 
particles (17), forming a film of 1 ,4-butanedisulfo- 
nylchloride-1 ,6-hexanediol co-polymer. 
[0303] Formation of the foregoing co-polymer film 
yielded modified particles (21 ) according to the present 



embodiment. In other words, modified 1 particles (21) 
were obtained by the same method as in Example 17 
above. When measured by the optical detecting device 
3, the modified particles (21) were found to be substan- 
5 tially uniform in quality and size, with a primary diameter 
of 3.5um 

(EXAMPLE 22) 

1 o [0304] First, in the particle modifying device 1 A shown 
in Figure 4, 2,4-mesitylenedisulfonyl chloride, a6 the 
monomer A, was supplied to the condensing chamber 

2. The interior of the condensing chamber 2 was pres- 
surized through the pressurizing/depressurizing open- 

is ing 6, and heated to 493K by the heating device 7, pro- 
ducing a vapor of 2,4-mesitylenedisulfonyl chloride. 
[0305] Then, as the base particles, the modified par- 
ticles (19) obtained in Example 19 (primary diameter: 
2u/n) were introduced, along with nitrogen gas, through 

20 the particle intake 4 into the vapor atmosphere of 
2,4-mesitylenedisulfonyl chloride in the condensing 
chamber 2. 

[0306] Next, the 2,4-mesitylenedisulfonyl chloride va- 
por in the condensing chamber 2 was adiabatically ex- 
panded, and the introduced modified particles (1 9) were 
exposed thereto for 3 minutes. Consequently, 2,4-mes- 
itylenedisulfonyl chloride condensed on the surface of 
the modified particles (19). 

[0307] Next, in the particle modifying device 1 shown 
30 in Figure 4, 1 ,4-benzenedithiol, as the monomer B, was 
supplied to the condensing chamber 2. The interior of 
the condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
463K by the heating device 7, producing a vapor of 
3S 1,4-benzenedithiol. Then the foregoing modified parti- 
cles (19) with the 2,4-mesitylenedisulfonyl chloride con- 
densed thereon were introduced, along with the nitro- 
gen gas, through the particle intake 4 into the vapor at- 
mosphere of 1,4-benzenedithiol in the condensing 
<o chamber 2. 

[0308] Next, the 1 ,4-benzenedithiol vapor in the con- 
densing chamber 2 was adiabatically expanded, and the 
introduced base particles were exposed thereto for 30 
minutes. Consequently, a further polymerization reac- 
ts tion between 2,4-mesitylenedisulfonyl chloride and 
1 ,4-benzenedithiol took place on the surface of the mod- 
ified particles (19), forming a film of 2,4-mesitylenedtsul- 
fonylchloride-1 ,4-benzenedithiol co-polymer. 
[0309] Formation of the foregoing co-polymer film 
so yielded modified particles (22) according to the present 
embodiment. In other words, modified particles (22) 
were obtained by the same method as in Example 17 
above. When measured by the optical detecting device 

3, the modified particles (22) were found to be substan- 
55 tially uniform in quality and size, with a primary diameter 

of 4um 
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(EXAMPLE 23) 

[0310] First, as the monomer B, 1,4-butanedisulfonyl 
chloride was placed in the reservoir section 26c of the 
condensing chamber 26 of the particle modifying device 
21 shown in Figure 2, and, by heating to 463K at atmos- 
pheric pressure using the heating device 7, a vapor of 
1,4-butanedisulfonyl chloride was produced. 
[0311] The base particles used were a mixture of C.I. 
Acid Red 8 (Tokyo Kasei Kogyo Co.. Ltd. product), tri- 
ethylenediamine a6 a catalyst, di(2-mercaptoethyl)ether 
as the monomer A. and water dissolving the foregoing. 
These base particles had an average geometric diam- 
eter of 3pm. 

[0312] The base particles, along with helium gas, 
were cooled and introduced through the particle intake 
4 into the vapor atmosphere of 1,4-butanedisulfonyl 
chloride in the condensing chamber 26. Next, in the mix- 
ing section 22, the vapor of 1 ,4-butanedisulfony f chlo- 
ride was cooled, and the introduced base particles were 
exposed thereto for 1 0 minutes. Consequently, a polym- 
erization reaction, using as a catalyst triethylenediamine 
contained in the base particles, took place on the sur- 
face of the base particles between di(2-mercaptoethyl) 
ether and 1 ,4-butanedisulfonyl chloride, forming a film 
of di(2-mercaptoethyl)ether- 1,4-butanedisulfonyl chlo- 
ride co-polymer. 

[0313] Formation of the foregoing co-polymer film 
yielded modified particles (23) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (23) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 4um. 

(EXAMPLE 24) 

[0314] First, in the first-stage particle modifying de- 
vice 21 A shown in Figure 5, 1,4-butanedisulfonyl chlo- 
ride, as the monomer A, was placed in the reservoir sec- 
tion 26c of the condensing chamber 26, and, by heating 
to 463K at atmospheric pressure using the heating de- 
vice 7, a vapor of 1 ,4-butanedisulfonyl chloride was pro- 
duced. 

[031 5] The base particles used were a mixture of car- 
bon black and polystyrene resin. These base particles 
had an average geometric diameter of 1.5um 
[031 6] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the vapor atmosphere of 1,4-butanedisulfonyl chloride 
in the condensing chamber 26. Next, in the mixing sec- 
tion 22, the vapor of 1,4-butanedisulfonyl chloride was 
cooled, and the introduced base particles were exposed 
thereto for 5 minutes. Consequently, 1 ,4-butanedisulfo- 
nyl chloride condensed on the surface of the base par- 
ticles. 

[0317] Next, ethylene glycol, as the monomer B, was 
mixed with triethylamine as a catalyst, with a volume ra- 
tio of 95 to 5. The mixture obtained thereby was placed 



in the reservoir section 26c of the condensing chamber 
26 of the second-stage particle modifying device 21 B 
shown in Figure 5, and, by heating to 403K at atmos- 
pheric pressure using the heating device 7. a mixed va- 

5 por of ethylene glycol and triethylamine was produced. 
[0318] Then the foregoing base particles with 1 ,4-bu- 
tanedisulfonyl chloride condensed thereon, along with 
the argon gas, were cooled and introduced through the 
particle intake 4 into the mixed vapor atmosphere of eth- 

10 yiene glycol and triethylamine in the condensing cham- 
ber 26. 

[0319] Next, in the mixing section 22, the mixed vapor 
atmosphere of ethylene glycol and triethylamine was 
cooled, and the introduced base particles were exposed 

*5 thereto for 15 minutes. Consequently, a polymerization 
reaction using triethylamine as a catalyst took place on 
the surface of the base particles between 1 ,4-butanedi- 
sulfonyl chloride and ethylene glycol, forming a film of 
1,4-butanedisulfonylchloride-ethylene glycol co-poly- 

20 mer. 

[0320] Formation of the foregoing co-polymer film 
yielded modified particles (24) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (24) were found to be 
2S substantially uniform in quality and size, with a primary 
diameter of 3p.m. 

(EXAMPLE 25) 

30 [0321] First, in the first-stage particle modifying de- 
vice 21 A shown in Figure 5, 2,4-me6itylenedisulfonyl 
chloride, as the monomer A, was placed in the reservoir 
section 26c of the condensing chamber 26, and, by 
heating to 493K at atmospheric pressure using the heat- 
as ing device 7. a vapor of 2,4-mesitylenedisulfonyl chlo- 
ride was produced. 

[0322] The base particles used were a mixture of C.I. 
Acid Blue 92 (Tokyo Kasei Kogyo Co., Ltd. product), so- 
dium hydroxide, bisphenol A as the monomer A. and wa- 

40 ter dissolving the foregoing. These base particles had 
an average geometric diameter of 2.0um 
[0323] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the vapor atmosphere of 2,4-mesitylenedisulfonyl chlo- 

45 ride in the condensing chamber 26. Next, in the mixing 
section 22, the vapor of 2,4-mesitylenedisulfonyl chlo- 
ride was cooled, and the introduced base particles were 
exposed thereto for 10 minutes. Consequently, 
2,4-mesitylenedisulfonyl chloride condensed on the sur- 

50 face of the base particles. 

[0324] Next, in the second-stage particle modifying 
device 21 B shown in Figure 5, 1,4-butanedisulfonyl 
chloride, as the monomer B, was placed in the reservoir 
section 26c of the condensing chamber 26, and, by 

55 heating to 463K at atmospheric pressure using the heat- 
ing device 7, a vapor of 1,4-butanedisulfonyl chloride 
was produced. 

[0325] Then the foregoing base particles with 
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2,4-mesitylenedlsulfonyl chloride condensed thereon, 
along with the argon ga6, were cooled and introduced 
through the particle Intake 4 Into the vapor atmosphere 
of 1 ,4-butanedisulfonyl chloride In the condensing 
chamber 26. s 
[0326] Next, In the mixing section 22, the vapor at- 
mosphere of 1 ,4-butanedisulfonyl chloride was cooled, 
and the introduced base particles were exposed thereto 
for 15 minutes. Consequently, a polymerization reaction 
took place on the surface of the base particles between 10 
2,4-mesitylenedi6ulfonyl chloride and 1 ,4-butanedisul- 
fonyl chloride, on the one hand, and bisphenol A on the 
other, forming a film of a co-polymer of 2,4-mesitylene- 
disulfonyl chloride and 1 ,4-butanedisulfonyl chloride, on 
the one hand, and bisphenol A on the other. *s 
[0327] Formation of the foregoing co-polymer film 
yielded modified particles (25) according to the present 
embodiment. In other words, modified particles (25) 
were obtained by the same method as in Example 24 
above. When measured by the optical detecting device 20 
3, the modified particles (25) were found to be substan- 
tially uniform in quality and size, with a primary diameter 
of 3jjm. 

(EXAMPLE 26) 2s 

[0328] First, in the particle modifying device 1 A shown 
in Figure 4, 1 ,4-butanedisulfonyl chloride, as the mono- 
mer A, was supplied to the condensing chamber 2. The 
interior of the condensing chamber 2 was pressurized 30 
through the pressurizing/depressurizing opening 6, and 
heated to 473K by the heating device 7, producing a va- 
por of 1 ,4-butanedisulfonyl chloride. 
[0329] Then, as the base particles, titanium oxide par- 
ticles having a primary diameter of 0.5um were intro- 35 
duced, along with nitrogen gas, through the particle in- 
take 4 into the vapor atmosphere of 1,4-butanedisulfo- 
nyl chloride in the condensing chamber 2. 
[0330] Next, the 1 ,4-butanedisulfonyl chloride vapor 
in the condensing chamber 2 was adiabatically expand- 40 
ed, and the introduced base particles were exposed 
thereto for 3 minutes. Consequently, 1,4-butanedisulfo- 
nyl chloride condensed on the surface of the base par- 
ticles. 

[0331] Next, in the particle modifying device 1 shown 45 
in Figure 4, 1 ,6-diaminohexane. as the monomer B, was 
supplied to the condensing chamber 2. The interior of 
the condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
423K by the heating device 7, producing a vapor of so 
1 ,6-diaminohexane. Then the foregoing base particles 
with 1 ,4-butanedisulfonyl chloride condensed thereon 
were introduced, along with the nitrogen gas, through 
the particle intake 4 into the vapor atmosphere of 1 ,6-di- 
aminohexane in the condensing chamber 2. ss 
[0332] Next, the 1 ,6-diaminohexane vapor in the con- 
densing chamber 2 was adiabatically expanded, and the 
introduced base particles were exposed thereto for 3 



minutes. Consequently, a polymerization reaction be- 
tween 1,4-butanedisulfonyl chloride and 1 ,6-diamino- 
hexane took place on the surface of the base particles, 
forming a film of 1,4-butanedisulfonylchloride-l ,6-di- 
aminohexane co-polymer. 

[0333] Formation of the foregoing co-polymer film 
yielded modified particles (26) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (26) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 3um 

(EXAMPLE 27) 

[0334] First, 1 ,3-benzenedisulfonyl chloride, as the 
monomer A, was mixed with carbon black, forming base 
particles with an average geometric diameter of 1.5um 
[0335] Next, as the monomer B, 1 ,6-diaminohexane 
was supplied to the condensing chamber 2 of the parti- 
cle modifying device 1 shown in Figure 1 . The interior 
of the condensing chamber 2 was pressurized through 
the pressurizing/depressurizing opening 6, and heated 
to 423K by the heating device 7, producing a vapor of 
1 ,6-diaminohexane. 

[0336] Then the base particles were introduced, along 
with argon gas, through the particle intake 4 into the va- 
por atmosphere of 1 ,6-diaminohexane in the condens- 
ing chamber 2. 

[0337] Next, the 1 ,6-diaminohexane vapor in the con- 
densing chamber 2 was adiabatically expanded, and the 
introduced base particles were exposed thereto for 3 
minutes. Consequently, 1 ,6-diaminohexane condensed 
on the surface of the base particles. A polymerization 
reaction took place between 1 ,6-diaminohexane con- 
densed on the surface of the base particles and 1 ,3-ben- 
zenedisulfonyl chloride contained therein, forming afilm 
of 1 ,3-benzenedisulfonylchloride-1,6-diaminohexane 
co-polymer. 

[0338] Formation of the foregoing co-polymer film 
yielded modified particles (27) according to the present 
embodiment. When measured by the optical detecting 
device 3. the modified particles (27) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 2um 

(EXAMPLE 28) 

[0339] First, 4,4'-stilbenedisulfonyl chloride, as the 
monomer A, was mixed with C.I. Pigment Blue 1 99 (Ci- 
ba-Geigy Japan Limited product; a phthalocyanine pig- 
ment), forming base particles with an average geometric 
diameter of 1um 

[0340] Next, as the monomer B, piperazine was sup- 
plied to the condensing chamber 2 of the particle mod- 
ifying device 1 shown in Figure 1 . The interior of the con- 
densing chamber 2 was pressurized through the pres- 
surizing/depressurizing opening 6, and heated to 443K 
by the heating device 7, producing a vapor of piperazine. 
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[0341 ] Then the base particles were Introduced, along 
with nitrogen gas, through the particle intake 4 into the 
vapor atmosphere of piperazine in the condensing 
chamber 2. 

[0342] Next, the piperazine vapor in the condensing s 
chamber 2 was adiabatically expanded, and the intro- 
duced base particles were exposed thereto for 3 min- 
utes. Consequently, piperazine condensed on the sur- 
face of the base particles. A polymerization reaction 
took place between piperazine condensed on the sur- 10 
face of the base particles and 4 t 4'-6tilbenedisulfonyl 
chloride contained therein, forming a film of 4,4'-stilben- 
edlaulfonyl chloride-piperazine co-polymer on the sur- 
face of the base particles. 

[0343] Formation of the foregoing co-polymer film *5 
yielded modified particles (28) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (28) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 2uxn. 20 

(EXAMPLE 29) 

[0344] First, as the monomer A, particles of 1,3-pro- 
panedisulfonyl chloride with an average geometric di- 2S 
ameter of 1jam, which could also be used as the base 
particles, were used. 

[0345] Next, as the monomer B, 1 ,3-diaminopropane 
was supplied to the condensing chamber 2 of the parti- 
cle modifying device 1 shown in Figure 1 . The interior 30 
of the condensing chamber 2 was pressurized through 
the pressurizing/depressurizing opening 6, and heated 
to 37 3K by the heating device 7, producing a vapor of 
1 ,3-diaminopropane. 

[0346] Then the base particles were introduced, along as 
with argon gas, through the particle intake 4 into the va- 
por atmosphere of 1 ,3-diaminopropane in the condens- 
ing chamber 2. 

[0347] Next, the 1,3-diaminopropane vapor in the 
condensing chamber 2 was adiabatically expanded, <o 
and the introduced base particles were exposed thereto 
for 2 minutes. Consequently, 1 ,3-diaminopropane con- 
densed on the surface of the base particles. A polymer- 
ization reaction took place between 1,3-diaminopro- 
pane condensed on the surface of the base particles 
and 1,3-propanedisulfonyl chloride making up the base 
particles, forming a film of 1 ,3-propanedisurfonylchlo- 
ride-1 ,3-diaminopropane co-polymer on the surface of 
the base particles. 

[0348] Formation of the foregoing co-polymer film so 
yielded modified particles (29) according to the present 
embodiment. In other words, modified particles (29) 
were obtained by the same method as in Example 26 
above. When measured by the optical detecting device 
3, the modified particles (29) were found to be substan- 55 
tially uniform in quality and size, with a primary diameter 
of 2um. 



(EXAMPLE 30) 

[0349] First, in the particle modifying device 1 A shown 
in Figure 4, 1 ,4-butanedisulfonyl chloride, as the mono- 
mer A, was supplied to the condensing chamber 2. The 
interior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 473K by the heating device 7, producing a va- 
por of 1 ,4-butanedisulfonyl chloride. 
[0350] Then, as the base particles, the modified par- 
ticles (26) obtained in Example 26 (primary diameter: 
3|im) were introduced, along with nitrogen gas, through 
the particle intake 4 into the vapor atmosphere of 1 ,4-bu- 
tanedisulfonyl chloride in the condensing chamber 2. 
[0351] Next, the 1 ,4-butanedisulf onyl chloride vapor 
in the condensing chamber 2 was adiabatically expand- 
ed, and the introduced modified particles (26) were ex- 
posed thereto for 2 minutes. Consequently, 1 ,4-butane- 
disulfonyl chloride condensed on the surface of the 
modified particles (26). 

[0352] Next, in the particle modifying device 1 shown 
in Figure 4, 1 ,6-diaminohexane, as the monomer B, was 
supplied to the condensing chamber 2. The interior of 
the condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
423K by the heating device 7, producing a vapor of 
1 ,6-diaminohexane. Then the foregoing modified parti- 
cles (26) with 1 ,4-butanedisulfonyl chloride condensed 
thereon were introduced, along with the nitrogen gas, 
through the particle intake 4 into the vapor atmosphere 
of 1 ,6-diaminohexane in the condensing chamber 2. 
[0353] Next, the 1 ,6-diaminohexane vapor in the con- 
densing chamber 2 was adiabatically expanded, and the 
introduced modified particles (26) were exposed thereto 
for 2 minutes. Consequently, a further polymerization re- 
action between 1 ,4-butanedisulfonyl chloride and 
1 ,6-diaminohexane took place on the surface of the 
modified particles (26), forming a film of 1,4-butanedi- 
sulfonylchloride-1 ,6-diaminohexane co-polymer. 
[0354] Formation of the foregoing co-polymer film 
yielded modified particles (30) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (30) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 5um 

(EXAMPLE 31) 

[0355] First, in the particle modifying device 1 A shown 
in Figure 4, 2,4-mesitylenedisulfonyl chloride, as the 
monomer A, was supplied to the condensing chamber 
2. The interior of the condensing chamber 2 was pres- 
surized through the pressurizing/depressurizing open- 
ing 6, and heated to 493K by the heating device 7, pro- 
ducing a vapor of 2,4-mesitylenedisulfonyl chloride. 
[0356] Then, as the base particles, the modified par- 
ticles (27) obtained in Example 27 (primary diameter: 
2u.m) were introduced, along with nitrogen gas, through 
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tho particle intake 4 into the vapor atmosphere of 
2,4-mesitylenedi6ulfonyl chloride in the condensing 
chamber 2. 

[0357] Next, the 2,4-mesitylenedisulfonyl chloride va- 
por in the condensing chamber 2 was adiabatically ex- 
panded, and the introduced modified particles (27) were 
exposed thereto for 2 minutes. Consequently, 2,4-mes- 
itylenedisutfonyl chloride condensed on the surface of 
the modified particles (27). 

[0368] Next, in the particle modifying device 1 shown 
in Figure 4, 1,4-diaminocyclohexane, as the monomer 
B, was supplied to the condensing chamber 2. The in- 
terior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 433K by the heating device 7, producing a va- 
por of 1 ,4-diaminocycfohexane. Then the foregoing 
modified particles (27) with 2,4-mesitylenedisuffonyl 
chloride condensed thereon were introduced, along with 
the nitrogen gas, through the particle intake 4 into the 
vapor atmosphere of 1,4-diaminocyclohexane in the 
condensing chamber 2. 

[0359] Next, the 1 ,4-diaminocyclohexane vapor in the 
condensing chamber 2 was adiabatically expanded, 
and the introduced modified particles (27) were exposed 
thereto for 2 minutes. Consequently, a further polymer- 
ization reaction between 2,4-mesitylenedisulfonyl chlo- 
ride and 1 ,4-diaminocyciohexane took place on the sur- 
face of the modified particles (27), forming a film of 
2,4-mesitylenedisulfonyl chloride-1 ,4-diamlnocyclohex- 
ane co-polymer. 

[0360] Formation of the foregoing co-polymer film 
yielded modified particles (31) according to the present 
embodiment. When measured by the, optical detecting 
device 3, the modified particles (31) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 4um. 

(EXAMPLE 32) 

[0361] First, as the monomer B, 1,4-butanedisulfonyl 
chloride was placed in the reservoir section 26c of the 
condensing chamber 26 of the particle modifying device 
21 shown in Figure 2, and. by heating to 443K at atmos- 
pheric pressure using the heating device 7, a vapor of 
1 ,4-butanedi8ulfonyl chloride was produced. 
[0362] The base particles used were a mixture of C.I. 
Acid Red 8 (Tokyo Kasei Kogyo Co., Ltd. product) and 
a mixed solution, to dissolve the C.I. Acid Red 8, of wa- 
ter, ethylene glycol, and 1 ,6-diaminohexane, as the 
monomer A. These base particles had an average ge- 
ometric diameter of 3um. 

[0363] The base particles, along with helium gas, 
were cooled and introduced through the particle intake 
4 into the vapor atmosphere of 1,4-butanedisulfonyl 
chloride In the condensing chamber 26. Next, in the mix- 
ing section 22, the vapor of 1,4-butanedisulfonyl chlo- 
ride was cooled, and the introduced base particles were 
exposed thereto for 5 minutes. Consequently, a polym- 



erization reaction took place on the surface of the base 
panicles between 1 ,6-diaminohexane and 1,4 -butane - 
disulfonyl chloride, forming a film of 1 ,6-diaminohexane- 
1 t 4-butanedisulfonyl chloride co-polymer. 

s [0364] Formation of the foregoing co-polymer film 
yielded modified particles (32) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (32) were found to be 
substantially uniform in quality and size, with a primary 

10 diameter of 4pm, 

(EXAMPLE 33) 

[0365] First, in the first-stage particle modifying de- 
is vice 21 A shown in Figure 5, 1 ,4-butanedisulfonyl chlo- 
ride, as the monomer A, was placed in the reservoir sec- 
tion 26c of the condensing chamber 26, and, by heating 
to 443K at atmospheric pressure using the heating de- 
vice 7, a vapor of 1 ,4-butanedisulfonyl chloride was pro- 
duced. 

[0366] The base particles used were a mixture of car- 
bon black and polystyrene resin. These base particles 
had an average geometric diameter of 2um 
[0367] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the vapor atmosphere of 1,4-butanedisulfonyl chloride 
in the condensing chamber 26. Next, in the mixing sec- 
tion 22, the vapor of 1,4-butanedisulfonyl chloride was 
cooled, and the introduced base particles were exposed 
thereto for 3 minutes. Consequently, 1 ,4-butanedisulfo- 
nyl chloride condensed on the surface of the base par- 
ticles. 

[0368] Next, 1 , 1 0-diaminodecane, as the monomer B, 
was placed in the reservoir section 26c of the condens- 
ing chamber 26 of the second-stage particle modifying 
device 21 B shown in Figure 5, and, by heating to 453K 
at atmospheric pressure using the heating device 7, a 
vapor of 1 ,1 0-diaminodecane was produced. 
[0369] Then the foregoing base particles with 1 ,4-bu- 
tanedisulfonyl chloride condensed thereon, along with 
the argon gas, were cooled and introduced through the 
particle introducing pipe 24 into the vapor atmosphere 
of 1 ,10-diaminodecane in the condensing chamber 26. 
[0370] Next, in the mixing section 22, the vapor at- 
mosphere of 1,1 0-diaminodecane was cooled, and the 
introduced base particles were exposed thereto for 5 
minutes. Consequently, a polymerization reaction took 
place on the surface of the base particles between 
1 ,4-butanedisulfonyl chloride and 1 , 1 0-diaminodecane, 
forming a film of 1,4-butanedisulfonylchloride-1 ,10-di- 
aminodecane co-potymer. 

[0371] Formation of the foregoing co-polymer film 
yielded modified particles (33) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (33) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 3um 
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(EXAMPLE 34) 

[0372] First, in the first-stage particle modifying de- 
vice 21 A shown in Figure 5, 1,12-diami nod ©cane, as the 
monomer A, was ptaced in the reservoir section 26c of 
the condensing chamber 26, and, by heating to 463K at 
atmospheric pressure using the heating device 7, a va- 
por of 1 ,1 2-diaminodecane was produced. 
[0373] The base particles used were a mixture of C.i. 
Acid Blue 92 (Tokyo Kasei Kogyo Co., Ltd. product) and 
water dissolving the C.I. Acid Blue 92. These base par- 
ticles had an average geometric diameter of 2um 
[0374] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the vapor atmosphere of 1,12-diaminodecane in the 
condensing chamber 26. Next, in the mixing section 22, 
the vapor of 1,12-diaminodecane was cooled, and the 
introduced base particles were exposed thereto for 10 
minutes. Consequently, 1,12-diaminodecane con- 
densed on the surface of the base particles. 
[0375] Next, 1 ,3-propanedisulfonyl chloride, as the 
monomer B, was placed In the reservoir section 26c of 
the condensing chamber 26 of the second-stage particle 
modifying device 21 B shown in Figure 5, and, by heating 
to 453K at atmospheric pressure using the heating de- 
vice 7, a vapor of 1 ,3-propanedisulfonyl chloride was 
produced. Then the foregoing base particles with 
1 , 1 2-diaminodecane condensed thereon, along with the 
argon gas, were cooled and introduced through the par- 
ticle introducing pipe 24 into the vapor atmosphere of 
1 ,3-propanedisulfonyl chloride in the condensing cham- 
ber 26. 

[0376] Next, in the mixing section 22, the vapor at- 
mosphere of 1,3-propanedisulfonyl chloride was 
cooled, and the introduced base particles were exposed 
thereto for 10 minutes. Consequently, a polymerization 
reaction took place on the surface of the base particles 
between 1,12-diaminodecane and 1 ,3-propanedisulfo- 
nyl chloride, forming a film of 1,12-diaminodecane- 
1 ,3-propanedisulfonyl chloride co-polymer 
[0377] Formation of the foregoing co-polymer film 
yielded modified particles (34) according to the present 
embodiment. In other words, the modified particles (34) 
were obtained by the same method as in Example 33. 
When measured by the optical detecting device 3, the 
modified particles (34) were found to be substantially 
uniform in quality and size, with a primary diameter of 
3um. 

(EXAMPLE 35) 

[0378] First, in the particle modifying device 1 A shown 
in Figure 4, 2,5-diamino-1 ,4-benzenedithiol, as the 
monomer A, was supplied to the condensing chamber 
2. The interior of the condensing chamber 2 was pres- 
surized through the pressurizing/depressurizing open- 
ing 6, and heated to 530K by the heating device 7, pro- 
ducing a vapor of 2,5-diamino-1 ,4-benzenedithiol. 



[0379] Then, as the base particles, titanium oxide par- 
ticles having a primary diameter of 0.5nm were intro- 
duced, along with nitrogen gas, through the particle in- 
take 4 into the vapor atmosphere of 2,5-diamino- 
5 1 ,4-benzenedithiol in the condensing chamber 2. 

[0380] Next, the 2, 5-diami no- 1 ,4-benzenedithiol va- 
por in the condensing chamber 2 was adiabaticaily ex- 
panded, and the Introduced base panicles were ex- 
posed thereto for 3 minutes. Consequently, 2,5-diami- 
no-1 ,4-benzenedithiol condensed on the surface of the 
base particles. 

[0381] Next, in the particle modifying device 1 shown 
in Figure 4, 1 ,4-butanedisulfonyl chloride, as the mono- 
mer B, was supplied to the condensing chamber 2. The 
interior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 473K by the heating device 7, producing a va- 
por of 1,4-butanedisulfonyl chloride. 
[0382] Then the foregoing base particles with 2,5-di- 
amino-1,4-benzenedrthiol condensed thereon were in- 
troduced, along with the nitrogen gas, through the par- 
ticle intake 4 into the vapor atmosphere of 1,4-butane- 
disulfonyl chloride in the condensing chamber 2. 
[0383] Next, the 1 ,4-butanedisulfonyl chloride vapor 
in the condensing chamber 2 was adiabaticaily expand- 
ed, and the introduced base particles were exposed 
thereto for 8 minutes. Consequently, a polymerization 
reaction between 2,5-diamino-1 ,4-benzenedithiol and 
1,4-butanedisulfonyl chloride took place on the surface 
of the base particles, forming a film of 2,5-diamino- 
1 ,4-benzenedithiol-1 ,4-butanedi6ulfonyl chloride co- 
polymer. 

[0384] Formation of the foregoing co-porymer film 
yielded modified particles (35) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (35) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 3um 



[0385] First, 6-amino-2-mercaptobenzothiazole, as 
the monomer A, was mixed with triethylamine as a cat- 
alyst, forming base particles with an average geometric 
diameter of 1.5|am. 

[0386] Next, as the monomer B, 1 ,4-butanedisulfonyl 
chloride was supplied to the condensing chamber 2 of 
the particle modifying device 1 shown in Figure 1 . The 
interior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 473K by the heating device 7, producing a va- 
por of 1 ,4-butanedisulfonyl chloride. 
[0387] Then the base particles were introduced, along 
with argon gas, through the particle intake 4 into the va- 
por atmosphere of 1 ,4-butanedisulfonyl chloride in the 
condensing chamber 2. 

[0388] Next, the 1 ,4-butanedisulfonyl chloride vapor 
in the condensing chamber 2 was adiabaticaily expand- 
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ed, and the introduced base particles were exposed 
thereto for 15 minutes. Consequently, 1,4-butanedisuI- 
fonyl chloride condensed on the surface of the base par- 
ticles. A polymerization reaction, using as a catalyst tri- 
ethylamine contained in the base particles, took place s 
between 1 ,4-butanedisutfonyl chloride condensed on 
the surface of the base particles and 6-am lno-2-mercap- 
tobenzothiazole contained therein, forming a film of 
6-amino-2-mercaptobenzothiazole-1,4-butanedisulfo- 
nyl chloride co-polymer on the surface of the base par- 10 
tides. 

[0389] Formation of the foregoing co-polymer film 
yielded modified particles (36) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (36) were found to be *s 
substantially uniform In quality and size, with a primary 
diameter of 3unv 

(EXAMPLE 37) 

20 

[0390] First, 4,4'-stilbenedisulfonyl chloride, as the 
monomer A, was mixed with C.I. Pigment Blue 199 (Ci- 
ba-Qeigy Japan Limited product; a phthalocyanine pig- 
ment), forming base particles with an average geometric 
diameter of 1u/n. 25 
[0391] Next, as the monomer B, 4-aminocyclohexa- 
nol was supplied to the condensing chamber 2 of the 
particle modifying device 1 A shown in Figure 4. The in- 
terior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 30 
heated to 503K by the heating device 7, producing a va- 
por of 4-aminocyclohexanol. 

[0392] Then the base particles were introduced, along 
with nitrogen gas, through the particle intake 4 into the 
vapor atmosphere of 4-aminocyclohexanol in the con- 35 
densing chamber 2. 

[0393] Next, the 4-aminocyclohexanol vapor in the 
condensing chamber 2 was adiabatically expanded, 
and the introduced base particles were exposed thereto 
for 7 minutes. Consequently, 4-aminocyclohexanol con- 40 
densed on the surface of the base particles. 
[0394] In the particle modifying device 1 shown in Fig- 
ure 4, triethylamine, as a catalyst, was supplied to the 
condensing chamber 2. The interior of the condensing 
chamber 2 was pressurized through the pressurizing/ *5 
depressurizing opening 6, and heated to 353K by the 
heating device 7, producing a vapor of triethylamine. 
Then the foregoing base particles with 4-aminocy- 
clohexanol condensed thereon were introduced, along 
with the nitrogen gas, through the particle intake 4 into so 
the vapor atmosphere of triethylamine in the condensing 
chamber 2. 

[0395] Next, the triethylamine vapor in the condens- 
ing chamber 2 was adiabatically expanded, and the in- 
troduced base particles were exposed thereto for 15 ss 
minutes. Consequently, triethylamine condensed on the 
surface of the base particles with 4-aminocyclohexanol 
previously condensed thereon. A polymerization reac- 



tion, using as a catalyst triethylamine condensed on the 
base particles, took place on the surface of the base par- 
ticles between 4-aminocyclohexanol condensed on the 
surface thereof and 4,4 , -stilbenedisulfonyl chloride con- 
tained therein, forming a film of 4,4'-stilbenedisulfo- 
nylchlorkJe-4-amtnocyclohexanol co-polymer on the 
surface of particles of C.I. Pigment Blue 199. 
[0396] Formation of the foregoing co-polymer film 
yielded modified particles (37) according to the present 
embodiment. In other words, the modified particles were 
obtained by the same method as in Example 35. When 
measured by the optical detecting device 3, the modified 
particles (37) were found to be substantially uniform in 
quality and size, with a primary diameter of 2\im. 

(EXAMPLE 38) 

[0397] First, using a solution of 2-amino-5-mercapto- 
1 ,3,4-thiadiazole, as the monomer A, and triethylenedi- 
amine dissolved in ethanol, base particles with an aver- 
age geometric diameter of 1 .5pm were obtained. 
[0398] Next, as the monomer B, 1 ,3-propanedisulfo- 
nyl chloride was supplied to the condensing chamber 2 
of the particle modifying device 1 shown in Figure 1 . The 
interior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 463K by the heating device 7, producing a va- 
por of 1 ,3-propanedisulfonyl chloride. 
[0399] Then the base particles were introduced, along 
with argon gas, through the particle intake 4 into the va- 
por atmosphere of 1 ,3-propanedisuifonyl chloride in the 
condensing chamber 2. 

[0400] Next, the 1 ,3-propanedisulfonyl chloride vapor 
in the condensing chamber 2 was adiabatically expand- 
ed, and the introduced base particles were exposed 
thereto for 10minutes. Consequently, 1,3-propanedisul- 
fonyl chloride condensed on the surface of the base par- 
ticles. A polymerization reaction took place between 
1 ,3-propanedisuifonyl chloride condensed on the sur- 
face of the base particles and 2-amino-5-mercapto- 
1 ,3,4-thiadiazole contained therein, forming a film of 
2-amino-5-mercapto-1 ,3,4-thiadiazole- 1 ,3-propanedi- 
sulfonyl chloride co-polymer on the surface of the base 
particles. 

[0401] Formation of the foregoing co-polymer film 
yielded modified particles (38) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (38) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 3um 

(EXAMPLE 39) 

[0402] First, in the particle modifying device 1 A shown 
in Figure 4, 1,4-butanedisulfonyl chloride, as the mono- 
mer A, was supplied to the condensing chamber 2. The 
interior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
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heated to 473K by the heating device 7, producing a va- 
por of 1 ,4-butanedi6ulfonyl chloride. 
[0403] Then, as the base particles, the modified par- 
ticles (35) obtained In Example 35 (primary diameter: 
3u.m) were introduced, along with nitrogen gas, through 
the particle intake 4 into the vapor atmosphere of 1 ,4-bu- 
tanedisulfonyl chloride in the condensing chamber 2. 
[0404] Next, the 1 ,4-butanedisulfonyl chloride vapor 
in the condensing chamber 2 was adiabatically expand- 
ed, and the introduced modified particles (35) were ex- 
posed thereto for 4 minutes. Consequently, 1 ,4-butane- 
dlsulfony! chloride condensed on the surface of the 
modified particles (35). 

[0405] Next, In the particle modifying device 1 shown 
in Figure 4, 2, 5-diamino-1 ,4-benzenedithiol, as the 
monomer B, was supplied to the condensing chamber 
2. The interior of the condensing chamber 2 was pres- 
surized through the press urizing/depressurizing open- 
ing 6, and heated to 453K by the heating device 7, pro- 
ducing a vapor of 2,5-diamino-1 ,4-benzenedithiol. Then 
the modified particles (35) with 1 ,4-butanedisulfonyl 
chloride condensed thereon were introduced, along with 
the nitrogen gas, through the particle intake 4 into the 
vapor atmosphere of 2,5-diamino-1 ,4-benzenedithiol in 
the condensing chamber 2. 

[0406] Next, the 2, 5-diamino-1 ,4-benzenedithiol va- 
por in the condensing chamber 2 was adiabatically ex- 
panded, and the introduced modified particles (35) were 
exposed thereto for 18 minutes. Consequently, a further 
polymerization reaction between 1,4-butanedisulfonyl 
chloride and 2,5-diamino-1 ,4-benzenedithiol took place 
on the surface of the modified particles (35), forming a 
film of 1 ,4-butanedisulfonylchloride-2,5-diamino- 
1 ,4-benzenedithiol co-polymer. 

[0407] Formation of the foregoing co-polymer film 
yielded modified particles (39) according to the present 
embodiment. In other words, the modified particles (39) 
were obtained by the same method as in Example 35. 
When measured by the optical detecting device 3, the 
modified particles (39) were found to be substantially 
uniform in quality and size, with a primary diameter of 
5u.m. 

(EXAMPLE 40) 

[0408] First, in the particle modifying device 1 A shown 
in Figure 4, 2,4-mesitylenedisulfonyl chloride, as the 
monomer A, was supplied to the condensing chamber 
2, and, by heating to 493K at atmospheric pressure by 
the heating device 7, a vapor of 2,4-mesitylenedisulfonyl 
chloride was produced. 

[0409] Then, as the base particles, the modified par- 
ticles (37) obtained in Example 37 (primary diameter: 
2um) were introduced, along with nitrogen gas, through 
the particle intake 4 Into the vapor atmosphere of 
2,4-mesitylenedisulfonyl chloride in the condensing 
chamber 2. 

[0410] Next, the 2,4-mesitylenedisulfonyl chloride va- 



por In the condensing chamber 2 was adiabatically ex- 
panded, and the introduced modified particles (37) were 
exposed thereto for 3 minutes. Consequent^, 2,4-mes- 
ftytenedisulfonyl chloride condensed on the surface of 

s the modified particles (37). 

[0411] Next, 2-mercaptoethanol, as the monomer B, 
was mixed with triethanolamine as a catalyst, with a vol- 
ume ratio of 5 to 1 . The mixture obtained thereby was 
supplied to the condensing chamber 2 of the particle 

10 modifying device 1 shown in Figure 4. The interior of the 
condensing chamber 2 was pressurized through the 
press urizing/depressurizing opening 6, and heated to 
453K by the heating device 7, producing a mixed vapor 
of 2-mercaptoethanol and triethanolamine. 
[0412] Then the modified particles (37) with 2,4-mes- 
itylenedisulfonyl chloride condensed thereon were intro- 
duced, along with the nitrogen gas, through the particle 
intake 4 into the mixed vapor atmosphere of 2-mercap- 
toethanol and triethanolamine in the condensing cham- 

20 ber2. 

[0413] Next, the mixed vapor of 2-mercaptoethanol 
and triethanolamine in the condensing chamber 2 was 
adiabatically expanded, and the introduced modified 
particles (37) were exposed thereto for 30 minutes. Con- 

25 sequently, a further polymerization reaction, using tri- 
ethanolamine as a catalyst, took place on the surface of 
the modified particles (37) between 2,4-mesitylenedi- 
sulfonyl chloride and 2-mercaptoethanol, forming a film 
of 2,4-mesitylenedisulfonylchloride-2-mercaptoethanol 

30 co- polymer. 

[0414] Formation of the foregoing co-porymer film 
yielded modified particles (40) according to the present 
embodiment. In other words, the modified particles (40) 
were obtained by the same method as in Example 19. 

35 When measured by the optical detecting device 3, the 
modified particles (40) were found to be substantially 
uniform in quality and size, with a primary diameter of 
4um 



[0415] First, as the monomer B, 1 ,4-benzenedisulfo- 
nyl chloride was placed in the reservoir section 26c of 
the condensing chamber 26 of the particle modifying de- 
vice 21 shown in Figure 2, and, by heating to 493K at 
atmospheric pressure using the heating device 7, a va- 
por of 1 ,4-benzenedisulfonyl chloride was produced. 
[0416] The base particles used were a mixture of C.I. 
Acid Red 8 (Tokyo Kasei Kogyo Co., Ltd. product), tri- 
ethylenediamine as a catalyst, 4-aminocyclohexanol as 
the monomer A, and water dissolving the foregoing. 
These base particles had an average geometric diam- 
eter of 4um 

[0417] The base particles, along with helium gas, 
were cooled and introduced through the particle intake 
4 into the vapor atmosphere of 1,4-benzenedisulfonyl 
chloride in the condensing chamber 26. 
[0416] Next, in the mixing section 22, the vapor of 
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1 ,4-benzenedisulfonyl chloride was cooled, and the in- 
troduced base particles were exposed thereto for 10 
minutes. Consequently, a polymerization reaction using 
triethylenediamine as a catalyst took place on the sur- 
face of the base particles between 4-aminocyclohexa- s 
not and 1 ,4-benzenedisulfonyl chloride, forming a film 
of 4-aminocyclohexanoM ,4-benzenedisulfonyl chloride 
co-polymer. 

[0419] Formation of the foregoing co-polymer film 
yielded modified particles (41 ) according to the present 10 
embodiment. When measured by the optical detecting 
device 3. the modified particles (41) were found to be 
substantialty uniform in quality and size, with a primary 
diameter of 5nm. 

1S 

(EXAMPLE 42) 

[0420] First, in the first-stage particle modifying de- 
vice 21 A shown in Figure 5, 1 ,4-benzenedisulfonyl chlo- 
ride, as the monomer A, was placed in the reservoir sec- 20 
tion 26c of the condensing chamber 26, and, by heating 
to 493K at atmospheric pressure using the heating de- 
vice 7, a vapor of 1 ,4-benzenedisulfonyl chloride was 
produced. 

[0421] The base particles used were a mixture of car- zs 
bon black and polystyrene resin. These base particles 
had an average geometric diameter of 2um. 
[0422] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the vapor atmosphere of 1 ,4-benzenedisulfonyl chloride 30 
in the condensing chamber 26. 

[0423] Next, in the mixing section 22, the vapor of 
1,4-benzenedisutfonyl chloride was cooled, and the in- 
troduced base particles were exposed thereto for 10 
minutes. Consequently, 1 ,4-benzenedisulfonyl chloride & 
condensed on the surface of the base particles. 
[0424] Next, 2-mercaptoethanol, as the monomer B, 
was mixed with triethanolamine as a catalyst, with a vol- 
ume ratio of 5 to 1 . The mixture obtained thereby was 
placed in the reservoir section 26c of the condensing <o 
chamber 26 of the second-stage particle modifying de- 
vice 21 B shown in Figure 5. and, by heating to 453K at 
atmospheric pressure using the heating device 7, a 
mixed vapor of 2-mercaptoethanol and triethanolamine 
was produced. Then the foregoing base particles with 45 
1 ,4-benzenedisulfonyl chloride condensed thereon, 
along with the argon gas, were cooled and introduced 
through the particle introducing pipe 24 into the mixed 
vapor atmosphere of 2-mercaptoethanol and trieth- 
anolamine in the condensing chamber 26. 50 
[0425] Next, in the mixing section 22. the mixed vapor 
atmosphere of 2-mercaptoethanol and triethanolamine 
was cooled, and the introduced base particles were ex- 
posed thereto for 1 0 minutes. Consequently, a polym- 
erization reaction using triethanolamine as a catalyst ss 
took place on the surface of the base particles between 
1 ,4-benzenedisulfonyl chloride and 2-mercaptoethanol, 
forming a film of 1,4-benzenedisulfonylchloride-2-mer- 



captoethanol co-polymer. 

[0426] Formation of the foregoing co-polymer film 
yielded modified particles (42) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (42) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 3um 

(EXAMPLE 43) 

[0427] First, in the first-stage particle modifying de- 
vice 21 A shown in Figure 5, 2,4-mesitylenedisulfonyl 
chloride, as the monomer B, was placed in the reservoir 
section 26c of the condensing chamber 26, and, by 
heating to 493K at atmospheric pressure using the heat- 
ing device 7, a vapor of 2,4-mesitylenedisulfonyl chlo- 
ride was produced. 

[0428] The base particles used were a mixture of C.I. 
Acid Blue 92 (Tokyo Kasei Kogyo Co., Ltd. product), so- 
dium hydroxide, 1,4-dimercapto-2,3-butanediol as the 
monomer A, and water dissolving the foregoing. These 
base particles had an average geometric diameter of 
2.5um. 

[0429] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the vapor atmosphere of 2,4-mesitylenedisulfonyl chlo- 
ride in the condensing chamber 26. 
[0430] Next, in the mixing section 22, the vapor of 
2,4-mesitylenedisulfonyl chloride was cooled, and the 
introduced base particles were exposed thereto for 15 
minutes. Consequently, 2,4-mesitylenedisulfonyl chlo- 
ride condensed on the surface of the base particles. 
[0431] Next. 1,3-propanedisulfonyl chloride, as the 
monomer B, was placed in the reservoir section 26c of 
the condensing chamber 26 of the second-stage particle 
modifying device 21 B shown in Figure 5, and, by heating 
to 463K at atmospheric pressure using the heating de- 
vice 7, a vapor of 1,3-propanedisulfonyl chloride was 
produced. Then the foregoing base particles with 
2,4-mesitylenedisulfonyl chloride condensed thereon, 
along with the argon gas, were cooled and introduced 
through the particle introducing pipe 24 into the vapor 
atmosphere of 1,3-propanedisulfonyl chloride in the 
condensing chamber 26. 

[0432] Next, in the mixing section 22. the vapor at- 
mosphere of 1,3-propanedisulfonyl chloride was 
cooled, and the introduced base particles were exposed 
thereto for 15 minutes. Consequently, a polymerization 
reaction took place on the surface of the base particles 
between 2,4-mesitylenedisulfonyl chloride and 1 ,3-pro- 
panedisulfonyl chloride, on the one hand, and 
1,4-dimercapto-2,3-butanediol on the other, forming a 
film of a co-poiymer of 2,4-mesitylenedisulfonyl chloride 
and 1 ,3-propanedisulfonyl chloride, on the one hand, 
and 1,4-dimercapto-2.3-butanediol on the other 
[0433] Formation of the foregoing co-polymer film 
yielded modified particles (43) according to the present 
embodiment. In other words, the modified particles (43) 
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were obtained by the same method as in Example 26. 
When measured by the optical detecting device 3, the 
modified particles (43) were found to be substantially 
uniform In quality and size, with a primary diameter of 
4jim. 

[0434] The following will explain a method of manu- 
facturing modified particles according to the fourth em- 
bodiment of the present invention. In the present meth- 
od, instead of the respective monomers A and B used 
in the methods set forth In the first through third embod- 
iments above, one of the monomers A and B is a com- 
pound X having at least two Isocyanate groups or two 
isothiocyanate groups, and the other of the monomers 
A and B Is a compound Y having a functional group form- 
ing a cross-linked structure by a bond with an isocyanate 
group or an isothiocyanate group (hereinafter referred 
to as "combination E"). 

[0435] Alternatively, in another method of manufac- 
turing modified particles according to the fourth embod- 
iment, instead of the respective monomers A and B used 
in the methods set forth in the first through third embod- 
iments above, one of the monomers A and B is a com- 
pound Z having two or more halogenated acyl groups, 
and the other of the monomers A and B is a compound 
Y having a functional group forming across-linked struc- 
ture by a bond with a halogenated acyl group (hereinaf- 
ter referred to as "combination F") . 
[0436] The compound Y is a compound, discussed in 
the third embodiment above, which has as functional 
groups two or more hydroxy! groups, two or more mer- 
capto groups, two or more primary and/or secondary 
amino groups, or at least two functional groups chosen 
from among a hydroxyl group, a mercapto group, a pri- 
mary amino group, and a secondary amino group. In the 
method of manufacturing modified particles according 
to the fourth embodiment, the manufacturing devices 
discussed in each of the first through third embodiments 
above, for example, may be suitably used. 
[0437] Specific examples of the foregoing compound 
having two or more isocyanate groups (hereinafter re- 
ferred to as "compound X/) include 1 ,6-di isocyanate 
hexane, 1,4-diisocyanate butane, 1,3-phenylenediiso- 
cyanate. 1 ,4-phenylenediisocyanate, toluene-2,4-diiso- 
cyanate, to! uene-2,6-di isocyanate, 4,4'-diisocyanate- 
3,3*dimethylbiphenyl, 4,4* -diisocyanate-3,3'<limethyld- 
iphenyl methane, isophoronedi isocyanate, 3,3'-dichlo- 
rodiphenyl-4,4'-diisocyanate, 4,4'-diphenylmethanedi- 
isocyanate. and dicyctohexylmethane-4,4'-diisocy- 
anate. 

[0438] Specific examples of the foregoing compound 
having two or more isothiocyanate groups (hereinafter 
referred to as "compound X 2 ') Include 1,4 -phenylene- 
diisothiocyanate and silicontetraisothiocyanate. 
[0439] Specific examples of the compound Z, having 
two or more halogenated acyl groups, include adipoyl 
chloride, sebacoyl chloride, terephthaloyl chloride, and 
isophthaloyl chloride. In the combination of the com- 
pound Z and the compound Y, it is preferable if the com- 



pound Y has two or more hydroxyl groups and/or mer- 
capto groups. 

[0440] Specific examples of the compound Y include 
the foregoing compounds A, B, C, and D. Further, the 
s foregoing compounds X 1( Xg, Y, and Z may be com- 
pounds in which a saturated aliphatic hydrocarbon, an 
unsaturated aliphatic hydrocarbon, a saturated aromat- 
ic hydrocarbon, an unsaturated aromatic hydrocarbon, 
a saturated heterocyclic compound, or an unsaturated 
10 heterocyclic compound includes two or more of the re- 
spective functional groups, i.e. isocyanate groups, iso- 
thiocyanate groups, halogenated acyl groups, mercapto 
groups, hydroxyl groups, primary amino groups, and 
secondary amino groups, or includes one each of two 
*s or more kinds of functional group, chosen from among 
a mercapto group, a hydroxyl group, a primary amino 
group, and a secondary amino group. 
[0441] Here, when a saturated aliphatic hydrocarbon, 
unsaturated aliphatic hydrocarbon, saturated aromatic 
hydrocarbon, unsaturated aromatic hydrocarbon, satu- 
rated heterocyclic compound, or unsaturated heterocy- 
clic compound referred to above as "compound (I)" or 
•compound (II)" includes one of the foregoing functional 
groups in its structure, it is sufficient if the compound 
includes a total of two or more functional groups (includ- 
ing the foregoing functional group). 
[0442] In combination E of the compound X and the 
compound Y, the compound X 1 or X^ and the compound 
Y may be either the monomer A or the monomer B; and 
in combination F of the compound Z and the compound 
Y, the compound Z and the compound Y may be either 
the monomer A or the monomer B. In other words, the 
modified particles according to the present fourth em- 
bodiment may be obtained by using the foregoing com- 
pounds specified in combination E or combination F as 
the combination of the monomer A and the monomer B. 
[0443] Of the compounds listed above as examples 
of the compounds X 1t X 2 , Z, and Y, a single compound 
may be used alone for the monomer substance, or two 
or more compounds may be used. In other words, the 
film of surface modification agent obtained by polymer- 
ization of the monomers A and B may be a co-polymer 
obtained by polymerization of three or more com- 
pounds. However, the three or more compounds used 
must be divisible into the monomers A and B, and must 
fall under combination E or combination F. 
[0444] In the method of manufacturing modified par- 
ticles according to the present fourth embodiment, the 
substances used for the monomers A and B are the re- 
spective compounds of combination E or combination 
F. Consequently, reactivity between the functional 
groups of the monomer A and the functional groups of 
the monomer B is improved, and thus the polymerization 
reaction proceeds faster than when other combinations 
of monomers are used, and a polymer film can be 
formed more easily on the surface of the base particles. 
[0445] It is preferable if the monomers A and B are 
liquid at room temperature and atmospheric pressure. 
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By this moans, it is easier to obtain super-saturated va- 
pors of the monomers, and easier to introduce the mon- 
omers into the particle modifying device which performs 
surface modification. With the monomer B, in particular, 
in order to obtain a super-saturated vapor thereof, the 
monomer B should preferably be liquid at room temper- 
ature and atmospheric pressure. Further, using a mon- 
omer A which is also liquid at room temperature and at- 
mospheric pressure has the advantage that it is easy to 
Include the monomer A in the base particles. 
[0446] A polymerization reaction between the mono- 
mers A and B takes place through contact of the respec- 
tive monomer substances, but when a polymerization 
reaction is difficult to induce, as in the foregoing embod- 
iments, a catalyst may be used as necessary. By using 
such a catalyst, the polymerization reaction can be ex- 
pedited. The catalyst may be selected as needed, and 
may be either solid or liquid at room temperature and 
atmospheric pressure. 

[0447] The method of adding the foregoing cataryst to 
the polymerization reaction system of the monomers A 
and B is not limited to any method in particular, and the 
methods discussed in the foregoing embodiments may 
be used. 

[0448] In the method of manufacturing modified par- 
ticles according to the fourth embodiment, the monomer 
A is included in the base particles. Examples of methods 
of adding the monomer A to the base particles include 
the methods discussed in the first through third embod- 
iments above. Further, in the present method, as in the 
foregoing embodiments, the thickness of the polymer 
film can be adjusted by selecting, as necessary, 
processing conditions such as processing duration, etc. 
[0449] Further, in the present method, as in the fore- 
going embodiments, the process for forming a polymer 
film by exposing the base particles to the super-saturat- 
ed vapor of the monomer B can be performed a plurality 
of times. Consequently, it is possible to form a film of 
surface modification agent of a desired thickness, and 
to obtain modified particles of a desired diameter. Fur- 
ther, In the present method, by using surface modifica- 
tion agents of different composition each time the proc- 
ess is performed, it Is easy to obtain highly functional 
modified particles which have a plurality of properties. 
[0450] As discussed above, the modified particles ac- 
cording to the fourth embodiment have a structure ob- 
tained according to the foregoing method. By this 
means, modified particles, made of base particles on the 
surface of which is formed a film of surface modification 
agent made of a polymer obtained by polymerization of 
a monomer A and a monomer B, can be easily provided. 
[0461] Further, with the foregoing structure, even if 
the base particles are, for example, liquid at room tem- 
perature and atmospheric pressure, the modified parti- 
cles obtained are solid, and can thus be handled simply 
and easily. In other words, it is possible to provide mod- 
ified particles which enable liquid base particles to be 
handled as solids. Moreover, modified particles having 



a film of surface modification agent (polymer) of a de- 
sired thickness, and highly functional modified particles, 
can be provided. 

[0452] The modified particles according to the fourth 
s embodiment, like those discussed in the first through 
third embodiments above, are suitable for use for such 
purposes as pharmaceuticals, cosmetics, paint and oth- 
ercoatings, printing inks, toners (developers), ceramics, 
electronic materials, etc. 
10 [0453] In what follows, the present invention will be 
explained in greater detail by means of Examples 44 
through 75 according to the fourth embodiment, but the 
present invention is not limited in any way by these spe- 
cific Examples. 

1S 

(EXAMPLE 44) 

[0454] First, in the particle modifying device 1 A shown 
in Figure 4, 1 ,6-diisocyanate hexane, as the monomer 

20 a, was supplied to the condensing chamber 2. The in- 
terior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 473K by the heating device 7, producing a va- 
por of 1 ,6-diisocyanate hexane. 

2S [0455] Then, as the base particles, titanium oxide par- 
ticles having a primary diameter of O.Sum were intro- 
duced, along with nitrogen gas, through the particle in- 
take 4 into the vapor atmosphere of 1 ,6-diisocyanate 
hexane in the condensing chamber 2. 

30 [0456] Next, the 1 ,6-diisocyanate hexane vapor in the 
condensing chamber 2 was adiabatically expanded, 
and the introduced base particles were exposed thereto 
for 3 minutes. Consequently, 1 ,6-diisocyanate hexane 
condensed on the surface of the base particles. 

35 [0457] Next, in the particle modifying device 1 shown 
in Figure 4, 1,6-diaminohexane, as the monomer B, was 
supplied to the condensing chamber 2. The interior of 
the condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 

40 423K by the heating device 7, producing a vapor of 
1 ,6-diaminohexane. Then the foregoing base particles 
with 1 ,6-diisocyanate hexane condensed thereon were 
introduced, along with the nitrogen gas, through the par- 
ticle intake 4 into the vapor atmosphere of 1 ,6-diamino- 

45 hexane in the condensing chamber 2. 

[0458] Next, the 1 ,6-diaminohexane vapor in the con- 
densing chamber 2 was adiabatically expanded, and the 
introduced base particles were exposed thereto for 3 
minutes. Consequently, a polymerization reaction be- 
so tween 1 ,6-diisocyanate hexane and 1 ,6-diaminohexane 
took place on the surface of the base particles, forming 
a film of 1 ,6-diisocyanatehexane- 1,6-diaminohexane 
co- polymer. 

[0459] Formation of the foregoing co-polymer film 
55 yielded modified particles (44) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (44) were found to be 
substantially uniform in quality and size, with a primary 
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diameter of 3um 
(EXAMPLE 45) 

[0460] First, 1 ,3-phenylenediisocyanate, as the mon- $ 
omer A, was mixed with carbon black, forming base par- 
ticles with an average geometric diameter of turn 
[0461] Next, as the monomer B, 1 ,6-diaminohexane 
was supplied to the condensing chamber 2 of the parti- 
cle modifying device 1 shown in Figure 1 . The interior 10 
of the condensing chamber 2 was pressurized through 
the pressurizing/depressurizing opening 6, and heated 
to 423K by the heating device 7, producing a vapor of 
1 ,6-diaminohexane. 

[0462] Then the base particles were introduced, along 15 
with nitrogen gas, through the particle intake 4 into the 
vapor atmosphere of 1 ,6-diaminohexane in the con- 
densing chamber 2. 

[0463] Next, the 1 ,6-diaminohexane vapor in the con- 
densing chamber 2 was adiabatically expanded, and the 20 
introduced base particles were exposed thereto for 3 
minutes. Consequently, 1 ,6-diaminohexane condensed 
on the surface of the base particles. A polymerization 
reaction took place between 1 ,6-diaminohexane con- 
densed on the surface of the base particles and 1 ,3-phe- 
nylenediisocyanate contained therein, forming a film of 
1 ,3-phenylenediisocyanate-1 ,6-diaminohexane co-pol- 
ymer on the surface of the base particles. 
[0464] Formation of the foregoing co-polymer film 
yielded modified particles (45) according to the present 30 
embodiment. When measured by the optical detecting 
device 3, the modified particles (45) were found to be 
substantial^ uniform in quality and size, with a primary 
diameter of 2u/n. 

36 

(EXAMPLE 46) 

[046S] First, piperazine, as the monomer A, was 
mixed with C.I. Pigment Blue 199 (Ciba-Geigy Japan 
Limited product; a phthalocyanine pigment), forming *o 
base particles with an average geometric diameter of 
1u.m. 

[0466] Next, as the monomer B, 1 ,4-diisocyanate bu- 
tane was supplied to the condensing chamber 2 of the 
particle modifying device 1 shown in Figure 1 . The inte- 45 
rior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 41 3K by the heating device 7, producing a va- 
por of 1 ,4-diisocyanate butane. 

[0467] Then the base particles were introduced, along so 
with nitrogen gas, through the particle intake 4 into the 
vapor atmosphere of 1,4-diisocyanate butane in the 
condensing chamber 2. 

[0468] Next, the 1 ,4-diisocyanate butane vapor in the 
condensing chamber 2 was adiabatically expanded, 55 
and the introduced base particles were exposed thereto 
for 3 minutes. Consequently, 1 ,4-diisocyanate butane 
condensed on the surface of the base particles. A po- 



lymerization reaction took place between 1,4-diisocy- 
anate butane condensed on the surface of the base par- 
ticles and piperazine contained therein, forming a film 
of piperazine-1,4-diisocyanatebutane co-polymer on 
the surface of the base particles. 
[0469] Formation of the foregoing co-potymer film 
yielded modified particles (46) according to the present 
embodiment In other words, the modified particles (46) 
were obtained by the same method as in Example 45. 
When measured by the optical detecting device 3, the 
modified particles (46) were found to be substantially 
uniform in quality and size, with a primary diameter of 
2um 

(EXAMPLE 47) 

[0470] First, as the monomer A, particles of 1 ,4-phe- 
ny lenediisocyanate with an average geometric diamete r 
of 1 um, which could also be used as the base particles, 
were used. 

[0471] Next, as the monomer B, 1 ,3-diaminopropane 
was supplied to the condensing chamber 2 of the parti- 
cle modifying device 1 shown in Figure 1 . The interior 
of the condensing chamber 2 was pressurized through 
the pressurizing/depressurizing opening 6, and heated 
to 373K by the heating device 7, producing a vapor of 
1 ,3-diaminopropane. 

[0472] Then the base particles were introduced, along 
with argon gas, through the particle intake 4 into the va- 
por atmosphere of 1 ,3-diaminopropane in the condens- 
ing chamber 2. 

[0473] Next, the 1 ,3-diaminopropane vapor in the 
condensing chamber 2 was adiabatically expanded, 
and the introduced base particles were exposed thereto 
for 2 minutes. Consequently, 1 ,3-diaminopropane con- 
densed on the surface of the base particles. A polymer- 
ization reaction took place between 1 ,3-diaminopro- 
pane condensed on the surface of the base particles 
and the base particles of 1 ,4- phony lenediisocyanate, 
forming a film of 1,4-phenylenediisocyanate-1,3-diami- 
nopropane co-polymer on the surface of the base par- 
ticles. 

[0474] Formation of the foregoing co-porymer film 
yielded modified particles (47) according to the present 
embodiment. In other words, the modified particles (47) 
were obtained by the same method as in Example 2. 
When measured by the optical detecting device 3, the 
modified particles (47) were found to be substantially 
uniform in quality and size, with a primary diameter of 
2um 

(EXAMPLE 48) 

[0475] First, in the particle modifying device 1 A shown 
in Figure 4, 1 ,6-diisocyanate hexane, as the monomer 
A, was supplied to the condensing chamber 2. The in- 
terior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
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heated to 423K by the heating device 7, producing a va- 
por of 1 ,6-diisocyanate hexane. 
[0476] Then, as the base particles, the modified par- 
ticles (44) obtained in Example 44 (primary diameter: 
3u.m) were introduced, along with nitrogen gas, through s 
the particle Intake 4 into the vapor atmosphere of 1 ,6-di- 
isocyanate hexane in the condensing chamber 2. 
[0477] Next, the 1 ,6-diisocyanate hexane vapor in the 
condensing chamber 2 was adiabatically expanded, 
and the introduced modified particles (44) were exposed * o 
thereto for 2 minutes. Consequently, 1 ,6-diisocyanate 
hexane condensed on the surface of the modified par- 
ticles (44). 

[0478] Next, in the particle modifying device 1 shown 
in Figure 4, 1 ,6-diaminohexane, as the monomer B, was *s 
supplied to the condensing chamber 2. The interior of 
the condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
473K by the heating device 7, producing a vapor of 
1 ,6-diaminohexane. Then the modified particles (44) 20 
with 1 ,6-diisocyanate hexane condensed thereon were 
introduced, along with the nitrogen gas, through the par- 
ticle intake 4 into the vapor atmosphere of 1 ,6-diamino- 
hexane in the condensing chamber 2. 
[0479] Next, the 1 ,6-diaminohexane vapor in the con- 2s 
densing chamber 2 was adiabatically expanded, and the 
introduced modified particles (44) were exposed thereto 
for 2 minutes. Consequently, a further polymerization re- 
action between 1 ,6-diisocyanate hexane and 1 ,6-diami- 
nohexane took place on the surface of the modified par- 30 
tides (44), forming a film of 1 ,6-dii60cyanatehexane- 
1 ,6-diaminohexane co-polymer. 
[0480] Formation of the foregoing co-polymer film 
yielded modified particles (48) according to the present 
embodiment. In other words, the modified particles (48) 35 
were obtained by the same method as in Example 44. 
When measured by the optical detecting device 3, the 
modified particles (48) were found to be substantially 
uniform in quality and size, with a primary diameter of 
5um 40 

(EXAMPLE 49) 

[0481] First, in the particle modifying device 1 Ashown 
in Figure 4, isophoronediisocyanate, as the monomer 
A, was supplied to the condensing chamber 2. The in- 
terior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 443K by the heating device 7, producing a va- 
por of isophoronediisocyanate. so 
[0462] Then, as the base particles, the modified par- 
ticles (45) obtained in Example 45 (primary diameter: 
2u.m) were introduced, along with nitrogen gas, through 
the particle intake 4 into the vapor atmosphere of iso- 
phoronediisocyanate in the condensing chamber 2. 
[0483] Next, the isophoronediisocyanate vapor in the 
condensing chamber 2 was adiabatically expanded, 
and the introduced modified particles (45) were exposed 



thereto for 2 minutes. Consequently, isophoronediiso- 
cyanate condensed on the surface of the modified par- 
ticles (45). 

[0484] Next, in the particle modifying device 1 shown 
in Figure 4, piperazine, as the monomer B, was supplied 
to the condensing chamber 2. The interior of the con- 
densing chamber 2 was pressurized through the pres- 
surizing/depressurizing opening 6, and heated to 403K 
by the heating device 7, producing a vapor of piperazine. 
Then the modified particles (45) with isophoronediiso- 
cyanate condensed thereon were introduced, along with 
the nitrogen gas, through the particle intake 4 into the 
vapor atmosphere of piperazine in the condensing 
chamber 2. 

[0485] Next, the piperazine vapor in the condensing 
chamber 2 was adiabatically expanded, and the intro- 
duced modified particles (45) were exposed thereto for 
2 minutes. Consequently, a polymerization reaction be- 
tween isophoronediisocyanate and piperazine took 
place on the surface of the modified particles (45), form- 
ing a film of isophoronediisocyanate-piperazine co-pol- 
ymer. 

[0488] Formation of the foregoing co-polymer film 
yielded modified particles (49) according to the present 
embodiment. In other words, the modified particles (49) 
were obtained by the same method as in Example 44. 
When measured by the optical detecting device 3, the 
modified particles (49) were found to be substantially 
uniform in quality and size, with a primary diameter of 
3.5um 

(EXAMPLE 50) 

[0487] First, as the monomer B, 1,4-diisocyanate bu- 
tane was placed in the condensing chamber 26 of the 
particle modifying device 21 shown in Figure 2, and, by 
heating to 393K at atmospheric pressure using the heat- 
ing device 7, a vapor of 1,4-diisocyanate butane was 
produced. 

[0488] The base particles used were a mixture of C.I. 
Acid Red 8 (Tokyo Kasei Kogyo Co., Ltd. product) and 
a mixed solution of water to dissolve the C.I. Acid Red 
8, ethylene glycol, and 1 ,3-diaminopropane as the mon- 
omer A. These base particles had an average geometric 
diameter of 3um 

[0489] The base particles, along with helium gas, 
were cooled and introduced through the particle intake 
4 into the vapor atmosphere of 1 ,4-diisocyanate butane 
in the condensing chamber 26. Next, in the mixing sec- 
tion 22, the vapor of 1,4-diisocyanate butane was 
cooled, and the introduced base particles were exposed 
thereto for 1 minute. Consequently, a polymerization re- 
action took place on the surface of the base particles 
between 1,3-diaminopropane and 1,4-diisocyanate bu- 
tane, forming a film of 1 ,3-diaminopropane-1 ,4-diisocy- 
anatebutane co-polymer. 

[0490] Formation of the foregoing co-polymer film 
yielded modified particles (50) according to the present 
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embodiment. When measured by the optical detecting 
device 3, the modified particles (50) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 4jjm. 

(EXAMPLE 51) 

[0491] First, in the first-stage particle modifying de- 
vice 21 A shown in Figure 5, 1,6-diisocyanate hexane, 
as the monomer A, was placed in the reservoir section 
26c of the condensing chamber 26, and, by heating to 
453K at atmospheric pressure using the heating device 
7, a vapor of 1 ,6-diisocyanate hexane was produced. 
[0492] The base particles used were a mixture of car- 
bon black and polystyrene resin. These base particles 
had an average geometric diameter of 1pm. 
[0493] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the vapor atmosphere of 1 ,6-diisocyanate hexane in the 
mixing section 22. Next, the vapor of 1 ,6-diisocyanate 
hexane was cooled, and the introduced base particles 
were exposed thereto for 1 minute. Consequently, 
1,6-diisocyanate hexane condensed on the surface of 
the base particles. 

[0494] Next, 1 , 1 0-diaminodecane, as the monomer B, 
was placed in the condensing chamber 26 of the sec- 
ond-stage particle modifying device 21 B shown in Fig- 
ure 5, and, by heating to 473K at atmospheric pressure 
using the heating device 7, a vapor of 1,1 0-diamino- 
decane was produced. 

[0495] Then the foregoing base particles with 1 ,6-di- 
isocyanate hexane condensed thereon, along with the 
argon gas, were cooled and introduced through the par- 
ticle introducing pipe 24 into the vapor atmosphere of 
1,1 0-diaminodecane in the condensing chamber 26. 
[0496] Next, in the mixing section 22, the vapor at- 
mosphere of 1,1 0-diaminodecane was cooled, and the 
introduced base particles were exposed thereto for 1 
minute. Consequently, a polymerization reaction took 
place on the surface of the base particles between 
1,6-diisocyanate hexane and 1 ,10-diaminodecane, 
forming a film of 1 ,6-diisocyanatehexane-1 ,1 0-diamino- 
decane co-polymer. 

[0497] Formation of the foregoing co-polymer film 
yielded modified particles (51 ) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (51 ) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 3um 

(EXAMPLE 52) 

[0496] First, in the first-stage particle modifying de- 
vice 21 A shown In Figure 5,1,1 2-diaminodecane, as the 
monomer A, was placed in the condensing chamber 26, 
and, by heating to 493K at atmospheric pressure using 
the heating device 7, a vapor of 1 ,1 2-diaminodecane 
was produced. 



[0499] The base particles used were a mixture of C.I. 
Acid Blue 92 (Tokyo Kasei Kogyo Co., Ltd. product; a 
dye) and water dissolving the dye. These base particles 
had an average geometric diameter of 1 .5jim. 

s [0500] The base particles, along with helium gas, 
were cooled and introduced through the particle intake 
4 into the vapor atmosphere of 1,1 2-diaminodecane in 
the mixing section 22. Next, the vapor of 1 , 1 2-diamino- 
decane was cooled, and the introduced base particles 

10 were exposed thereto for 2 minutes. Consequently, 
1,1 2-diaminodecane condensed on the surface of the 
base particles. 

[0501] Next, toIuene-2,6-diisocyanate, as the mono- 
mer B, was placed in the condensing chamber 26 of the 
is second-stage particle modifying device 21 B shown in 
Figure 5, and, by heating to 433K at atmospheric pres- 
sure using the heating device 7, a vapor of toluene- 
2,6-diisocyanate was produced. 

[0502] Then the foregoing base particles with 1 , 1 2-di- 
aminodecane condensed thereon, along with the argon 
gas, were cooled and introduced through the particle in- 
troducing pipe 24 into the vapor atmosphere of toluene- 
2,6-diisocyanate in the mixing section 22. 
[0503] Next, in the mixing section 22, the vapor at- 
mosphere of toluene-2,6-diisocyanate was cooled, and 
the introduced base particles were exposed thereto for 
2 minutes. Consequently, a polymerization reaction took 
place on the surface of the base particles between 
1 ,1 2-diaminodecane and toluene-2,6-diisocyanate, 
forming a film of 1,1 2-diaminodecane-toluene-2,6-diiso- 
cyanate co-polymer. 

[0504] Formation of the foregoing co-polymer film 
yielded modified particles (52) according to the present 
embodiment. In other words, the modified particles (52) 
were obtained by the same method as in Example 51. 
When measured by the optical detecting device 3, the 
modified particles (52) were found to be substantially 
uniform in quality and size, with a primary diameter of 
3pm 

(EXAMPLE 53) 

[0505] First, as the monomer A, particles of 1 ,4-phe- 
nylenediisocyanate with an average geometric diameter 
of 2|om, which could also be used as the base particles, 
were used. 

[0506] Next, as the monomer B, 1 ,6-diaminohexane 
was supplied to the condensing chamber 2 of the parti- 
cle modifying device 1 shown in Figure 1. The interior 
of the condensing chamber 2 was pressurized through 
the press urizing/depressurizing opening 6, and heated 
to 443K by the heating device 7, producing a vapor of 
1 ,6-diaminohexane. 

[0507] Then the base particles were introduced, along 
with helium gas, through the particle intake 4 into the 
vapor atmosphere of 1,6-diaminohexane in the con- 
densing chamber 2. 

[0506] Next, the 1 ,6-diaminohexane vapor in the con- 
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den sing chamber 2 was adiabatlcally expanded, and the 
introduced base particles were exposed thereto for 2 
minutes. Consequently, 1,6-diaminohexane condensed 
on the surface of the base particles. A polymerization 
reaction took place between 1,6-diaminohexane con- $ 
densed on the surface of the base particles and the base 
particles of 1 ,4-phenyIenediisocyanate, forming a film of 
1 ,4-phenylenediisocyanate-l ,6-diaminohexane co-pol- 
ymer on the surface of the base particles. 
[0509] Formation of the foregoing co-polymer film 10 
yielded modified particles (53) according to the present 
embodiment. In other words, the modified particles (53) 
were obtained by the same method as in Example 45. 
When measured by the optical detecting device 3, the 
modified particles (53) were found to be substantially « 
uniform in quality and size, with a primary diameter of 
3g.m. 

(EXAMPLE 54) 

20 

[0510] First, ethylene glycol, as the monomer A, was 
mixed with triethylamine as a catalyst, with a volume ra- 
tio of 100 to 1. This mixture was supplied to the con- 
densing chamber 2 of the particle modifying device 1 A 
shown in Figure 4. The interior of the condensing chanv 2S 
ber 2 was pressurized through the pressurizing/depres- 
surizing opening 6, and heated to 443K by the heating 
device 7, producing a mixed vapor of ethylene glycol 
and triethylamine. 

[0511] Then, as the base particles, titanium oxide par- 30 
tides having a primary diameter of 0.3ujn were intro- 
duced, along with nitrogen gas, through the particle in- 
take 4 into the mixed vapor atmosphere of ethylene gly- 
col and triethylamine in the condensing chamber 2. 
[0512] Next, the mixed vapor of ethylene glycol and 36 
triethylamine in the condensing chamber 2 was adiabat- 
icaliy expanded, and the introduced base particles were 
exposed thereto for 3 minutes. Consequently, ethylene 
glycol and triethylamine condensed on the surface of the 
base particles. 40 
[051 3] Next, in the particle modifying device 1 shown 
in Figure 4, adipoyl chloride, as the monomer B, was 
supplied to the condensing chamber 2. The interior of 
the condensing chamber 2 was pressurized through the 
pressurlzing/depressurizing opening 6, and heated to *s 
423K by the heating device 7, producing a vapor of ad- 
ipoyl chloride. Then the foregoing base particles with 
ethylene glycol and triethylamine condensed thereon 
were introduced, along with the nitrogen gas, through 
the particle intake 4 into the vapor atmosphere of adipoyl £ o 
chloride in the condensing chamber 2. 
[0514] Next, the adipoyl chloride vapor in the con- 
densing chamber 2 was adiabaticalry expanded, and the 
introduced base particles were exposed thereto for 3 
minutes. Consequently, a polymerization reaction, us- 5 $ 
ing as a catalyst triethylamine condensed on the surface 
of the base particles, took place on the surface of the 
base particles between ethylene glycol and adipoyl 



chloride, forming a film of ethylene glycol-adipoyl chlo- 
ride co-polymer. 

[0515] Formation of the foregoing co-polymer film 
yielded modified particles (54) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (54) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 4u/n. 

(EXAMPLE 55) 

[0516] First, 1,4-hydroquinone, as the monomer A, 
was mixed with carbon black and triethylamine as a cat- 
alyst, forming base particles with an average geometric 
diameter of 2u/n. 

[0517] Next, as the monomer B, adipoyl chloride was 
supplied to the condensing chamber 2 of the particle 
modifying device 1 shown in Figure 1. The interior of the 
condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
423K by the heating device 7, producing a vapor of ad- 
ipoyl chloride. 

[0518] Then the base particles were introduced, along 
with nitrogen gas, through the particle intake 4 into the 
vapor atmosphere of adipoyl chloride in the condensing 
chamber 2. 

[0519] Next, the adipoyl chloride vapor in the con- 
densing chamber 2 was adiabaticaliy expanded, and the 
introduced base particles were exposed thereto for 3 
minutes. Consequently adipoyl chloride condensed on 
the surface of the base particles. A polymerization re- 
action, using as a catalyst triethylamine contained in the 
base particles, took place between adipoyl chloride con- 
densed on the surface of the base particles and 1 ,4-hy- 
droquinone contained therein, forming a film of 1 ,4-hy- 
droquinone-adipoyl chloride co-polymer on the surface 
of the base particles. 

[0520] Formation of the foregoing co-polymer film 
yielded modified particles (55) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (55) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 4um. 

(EXAMPLE 56) 

[0521] First, 1,6-hexanedk>l, as the monomer A, was 
mixed with C.I. Pigment Blue 199 (Ciba-Geigy Japan 
Limited product; a phthalocyanine pigment) and triethyl- 
amine as a catalyst, forming base particles with an av- 
erage geometric diameter of 2pm. 
[0522] Next, as the monomer B, adipoyl chloride was 
supplied to the condensing chamber 2 of the particle 
modifying device 1 shown in Figure 1. The interior of the 
condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
423K by the heating device 7, producing a vapor of ad- 
ipoyl chloride. 
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[0623] Then tho base particles were Introduced, along 
with nitrogen gas, through the particle intake 4 Into the 
vapor atmosphere of adipoyl chloride in the condensing 
chamber 2. 

[0524] Next, the adipoyl chloride vapor in the con- 5 
densing chamber 2 was adiabatically expanded, and the 
Introduced base particles were exposed thereto for 3 
minutes. Consequently, adipoyl chloride condensed on 
the surface of the base particles. A polymerization re- 
action, using as a catalyst triethylamine contained in the to 
base particles, took place between adipoyl chloride con- 
densed on the surface of the base particles and 1 ,6-hex- 
anediol contained therein, forming a film of 1,6-hexan- 
ediol-adipoyl chloride co-polymer on the surface of the 
base particles. 15 
[0526] Formation of the foregoing co-polymer film 
yielded modified particles (56) according to the present 
embodiment. In other words, the modified particles (56) 
were obtained by the same method as in Example 55. 
When measured by the optical detecting device 3, the 20 
modified particles (56) were found to be substantially 
uniform in quality and size, with a primary diameter of 
3u.m. 

(EXAMPLE 57) & 

[0526] First, as the monomer A, particles of bisphenol 
A with an average geometric diameter of 2um, which 
could also be used as the base particles, were used. 
[0527] Next, as the monomer B, terephthaloyl chlo- 30 
ride was supplied to the condensing chamber 2 of the 
particle modifying device 1 shown in Figure 1. The inte- 
rior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 
heated to 473K by the heating device 7, producing a va- & 
por of terephthaloyl chloride. 

[0528] Then the base particles were introduced, along 
with argon gas, through the particle intake 4 into the va- 
por atmosphere of terephthaloyl chloride in the con- 
densing chamber 2. 40 
[0529] Next, the terephthaloyl chloride vapor in the 
condensing chamber 2 was adiabatically expanded, 
and the Introduced base particles were exposed thereto 
for 2 minutes. Consequently, terephthaloyl chloride con- 
densed on the surface of the base particles. A polymer- 45 
ization reaction took place between terephthaloyl chlo- 
ride condensed on the surface of the base particles and 
bisphenol A of the base particles, forming a film of bi- 
sphenol A - terephthaloyl chloride co-polymer on the 
surface of the base particles. 60 
[0530] Formation of the foregoing co-polymer film 
yielded modified particles (57) according to the present 
embodiment. In other words, the modified particles (57) 
were obtained by the same method as in Example 55. 
When measured by the optical detecting device 3, the 55 
modified particles (57) were found to be substantially 
uniform in quality and size, with a primary diameter of 
4um. 



(EXAMPLE 58) 

[0531 ] First, in the particle modifying device 1 A shown 
in Figure 4, ethylene glycol, as the monomer A, was 
mixed with triethylamine as a catalyst, with a volume ra- 
tio of 100 to 1 . The mixture obtained thereby was sup- 
plied to the condensing chamber 2. The interior of the 
condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
443K by the heating device 7, producing a mixed vapor 
of ethylene glycol and triethylamine. 
[0532] Then, as the base particles, the modified par- 
ticles (54) obtained in Example 54 (primary diameter: 
4uiTt) were introduced, along with nitrogen gas, through 
the particle intake 4 into the mixed vapor atmosphere of 
ethylene glycol and triethylamine in the condensing 
chamber 2. 

[0533] Next, the mixed vapor of ethylene glycol and 
triethylamine in the condensing chamber 2 was adiabat- 
ically expanded, and the introduced modified particles 
(54) were exposed thereto for 2 minutes. Consequently, 
ethylene glycol and triethylamine condensed on the sur- 
face of the modified particles (54). 
[0534] Next, in the particle modifying device 1 shown 
in Figure 4, sebacoyl chloride, as the monomer B, was 
supplied to the condensing chamber 2. The interior of 
the condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
423K by the heating device 7, producing a vapor of se- 
bacoyl chloride. Then the modified particles (54) with 
ethylene glycol and triethylamine condensed thereon 
were introduced, along with the nitrogen gas, through 
the particle intake 4 into the vapor atmosphere of seba- 
coyl chloride in the condensing chamber 2. 
[0535] Next, the sebacoyl chloride vapor in the con- 
densing chamber 2 was adiabatically expanded, and the 
introduced modified particles (54) were exposed thereto 
for 10 minutes. Consequently, a polymerization reac- 
tion, using as a catalyst triethylamine, took place on the 
surface of the base particles between ethylene glycol 
and sebacoyl chloride, forming a film of ethyl englycol- 
sebacoyl chloride co-polymer. 

[0536] Formation of the foregoing co-polymer film 
yielded modified particles (58) according to the present 
embodiment. In other words, the modified particles (58) 
were obtained by the same method as in Example 54. 
When measured by the optical detecting device 3, the 
modified particles (58) were found to be substantially 
uniform in quality and size, with a primary diameter of 
7um 

(EXAMPLE 59) 

[0537] First, triethylene glycol, as the monomer A, 
was mixed with triethanolamine as a catalyst, with a vol- 
ume ratio of 20 to 1 . The mixture obtained thereby was 
supplied to the condensing chamber 2 in the particle 
modifying device 1A shown in Figure 4. The interior of 



42 



83 



EP 0 916 394 A2 



84 



the condensing chamber 2 was pressurized through the 
pressurizing/depreseurizing opening 6, and heated to 
51 3K by the heating device 7, producing a mixed vapor 
of triethylene glycol and triethanolamine. 
[0538] Then, as the base particles, the modified par- 
ticles (55) obtained in Example 55 (primary diameter: 
4u.m) were introduced, along with nitrogen gas, through 
the particle intake 4 into the mixed vapor atmosphere of 
triethylene glycol and triethanolamine in the condensing 
chamber 2. 

[0539] Next, the mixed vapor of triethylene glycol and 
triethanolamine in the condensing chamber 2 was adi- 
abatically expanded, and the introduced modified parti- 
cles (55) were exposed thereto for 2 minutes. Conse- 
quently, triethylene glycol and triethanolamine con- 
densed on the surface of the modified particles (55). 
[0540] Next, in the particle modifying device 1 shown 
in Figure 4, isophthaloyl chloride, as the monomer B, 
was supplied to the condensing chamber 2. The interior 
of the condensing chamber 2 was pressurized through 
the pressurizing/depressurizing opening 6, and heated 
to 473K by the heating device 7, producing a vapor of 
isophthaloyl chloride. Then the modified particles (55) 
with triethylene glycol and triethanolamine condensed 
thereon were introduced, along with the nitrogen gas, 
through the particle intake 4 into the vapor atmosphere 
of isophthaloyl chloride in the condensing chamber 2. 
[0541] Next, the isophthaloyl chloride vapor in the 
condensing chamber 2 was adiabaticaily expanded, 
and the introduced modified particles (55) were exposed 
thereto for 10 minutes. Consequently, a polymerization 
reaction, using as a catalyst triethanolamine condensed 
on the surface of the modified particles (55). took place 
on the surface of the modified particles (55) between 
triethylene glycol and isophthaloyl chloride, forming a 
film of triethylene glycoi-isophthaloyl chloride co-poly- 
mer. 

[0542] Formation of the foregoing co-polymer film 
yielded modified particles (59) according to the present 
embodiment. In other words, the modified particles (59) 
were obtained by the same method as in Example 54. 
When measured by the optical detecting device 3, the 
modified particles (59) were found to be substantially 
uniform in quality and size, with a primary diameter of 
6um. 

(EXAMPLE 60) 

[0543] First, as the monomer B, sebacoyl chloride 
wa6 placed in the condensing chamber 26 of the particle 
modifying device 21 shown in Figure 2, and. by heating 
to 443K at atmospheric pressure using the heating de- 
vice 7, a vapor of sebacoyl chloride was produced. 
[0544] The base particles used were a mixture of C.I. 
Acid Red 8 (Tokyo Kasei Kogyo Co. , Ltd, product), water 
dissolving the C.I. Acid Red 8, ethylene glycol as the 
monomer A, and trie thy lam ine as a catalyst. These base 
particles had an average geometric diameter of 4um 



[0545] The base particles, along with helium gas, 
were cooled and introduced through the particle intake 
4 into the vapor atmosphere of sebacoyl chloride in the 
mixing section 22. Next, in the mixing section 22, the 

s vapor of sebacoyl chloride was cooled, and the intro- 
duced base particles were exposed thereto for 2 min- 
utes. Consequently, a polymerization reaction, using as 
a catalyst triethylamine contained in the base particles, 
took place on the surface of the base particles between 

10 sebacoyl chloride and ethylene glycol, forming a film of 
ethylene glycol-sebacoyl chloride co-polymer. 
[0546] Formation of the foregoing co-polymer film 
yielded modified particles (60) according to the present 
embodiment. When measured by the optical detecting 

>s device 3, the modified particles (60) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 7um 

(EXAMPLE 61) 

20 

[0547] First, ethylene glycol, as the monomer A, was 
mixed with triethylamine as a catalyst, with a volume ra- 
tio of 50 to 1. The mixture obtained thereby was placed 
in the condensing chamber 26 of the first-stage particle 
modifying device 21 A shown in Figure 5, and, by heating 
to 423K at atmospheric pressure using the heating de- 
vice 7, a mixed vapor of ethylene glycol and triethyl- 
amine was produced. 

[0548] The base particles used were a mixture of car- 

30 bon black and polystyrene resin. These base particles 
had an average geometric diameter of lum 
[0549] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the mixed vapor atmosphere of ethylene glycol and tri- 

3S ethylamine in the mixing section 22. Next, in the mixing 
section 22, the mixed vapor of ethylene glycol and tri- 
ethylamine was cooled, and the introduced base parti- 
cles were exposed thereto for 2 minutes. Consequently, 
ethylene glycol and triethylamine condensed on the sur- 

40 face of the base particles. 

[0550] Next, in the second-stage particle modifying 
device 21 B shown in Figure 5, adipoyl chloride, as the 
monomer B, was placed in the condensing chamber 26. 
and, by heating to 393K at atmospheric pressure using 

45 the heating device 7, a vapor of adipoyl chloride was 
produced. 

[0551] Then the foregoing base particles with ethyl- 
ene glycol and triethylamine condensed thereon, along 
with the argon gas, were cooled and introduced through 

so the particle introducing pipe 24 into the vapor atmos- 
phere of adipoyl chloride in the condensing chamber 26. 
[0552] Next, in the mixing section 22, the adipoyl chlo- 
ride vapor was cooled, and the introduced base particles 
were exposed thereto for 3 minutes. Consequently, a 

55 polymerization reaction, using as a catalyst triethyl- 
amine condensed on the surface of the particles, took 
place on the surface of the base particles between eth- 
ylene glycol and adipoyl chloride, forming a film of eth- 
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ylene glycol-adipoyl chloride co-polymer. 
[0553] Formation of the foregoing co-polymer film 
yielded modified particles (61 ) according to the present 
embodiment. When measured by the optical detecting 
device 3, the modified particles (61) were found to be 
substantially uniform in quality and size, with a primary 
diameter of 3u/n. 

(EXAMPLE 62) 

[0554] First, in the first-stage particle modifying de- 
vice 21 A shown in Figure 5, glycerol, as the monomer 
A, was placed in the condensing chamber 26, and, by 
heating to 523K at atmospheric pressure using the heat- 
ing device 7, a vapor of glycerol was produced. 
[0566] The base particles used were a mixture of C.I. 
Acid Blue 92 (Tokyo Kasei Kogyo Co., Ltd. product; a 
dye), water to dissolve the dye, and sodium hydroxide 
as a catalyst. These base particles had an average ge- 
ometric diameter of 1u.m. 

[0556] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the vapor atmosphere of glycerol in the mixing section 
22. Next, in the mixing section 22, the vapor of glycerol 
was cooled, and the introduced base particles were ex- 
posed thereto for 2 minutes. Consequently, glycerol 
condensed on the surface of the base particles. 
[0557] Next, in the second-stage particle modifying 
device 21 B shown in Figure 5, isophthaloyl chloride, as 
the monomer B, was placed the condensing chamber 
26, and, by heating to423K at atmospheric pressure us- 
ing the heating device 7, a vapor of Isophthaloyl chloride 
was produced. 

[0556] Then the foregoing base particles with glycerol 
condensed thereon, along with the argon gas, were 
cooled and introduced through the particle introducing 
pipe 24 into the vapor atmosphere of isophthaloyl chlo- 
ride in the mixing section 22. 

[0559] Next, in the mixing section 22, the vapor at- 
mosphere of isophthaloyl chloride was cooled, and the 
introduced base particles were exposed thereto for 3 
minutes. Consequently, a polymerization reaction, us- 
ing as a catalyst sodium hydroxide contained in the base 
particles, took place on the surface of the base particles 
between glycerol and isophthaloyl chloride, forming a 
film of glyceroi-isophthaloyl chloride co-polymer. 
[0560] Formation of the foregoing co-polymer film 
yielded modified particles (62) according to the present 
embodiment. In other words, the particles (62) were ob- 
tained by means of the same method as in Example 61 . 
When measured by the optical detecting device 3, the 
modified particles (62) were found to be substantially 
uniform in quality and size, with a primary diameter of 
3um. 

(EXAMPLE 63) 

[0561] First, particles of 1 ,4-butanedrthiol, as the 



monomer A with an average geometric diameter of 1 jam, 
which could also be used as the base particles, were 
mixed with triethylamine as a catalyst, with a weight ratio 
of 1 to 1. 

s [0562] Next, as the monomer B, terephthaloyl chlo- 
ride was supplied to the condensing chamber 2 of the 
particle modifying device 1 shown in Figure 1 . The inte- 
rior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 

10 heated to 483K by the heating device 7, producing a va- 
por of terephthaloyl chloride. 

[0563] Then the base particles were introduced, along 
with helium gas, through the particle intake 4 into the 
vapor atmosphere of terephthaloyl chloride in the con- 
1S densing chamber 2. 

[0564] Next, the terephthaloyl chloride vapor in the 
condensing chamber 2 was adiabaticalfy expanded, 
and the introduced base particles were exposed thereto 
for 3 minutes. Consequently, terephthaloyl chloride con- 
densed on the surface of the base particles. A polymer- 
ization reaction, using as a catalyst triethylamine, took 
place between terephthaloyl chloride condensed on the 
surface of the base particles and 1 ,4-butanedithiol con- 
tained therein, forming a film of 1,4-butanedithioltereph- 
thaloyl chloride co-polymer on the surface of the base 
particles. 

[0565] Formation of the foregoing co-polymer film 
yielded modified particles (63) according to the present 
embodiment. In other words, the modified particles (63) 
were obtained by the same method as in Example 55. 
When measured by the optical detecting device 3, the 
modified particles (63) were found to be substantially 
uniform in quality and size, with a primary diameter of 
2um 

(EXAMPLE 64) 

[0566] First, 2-mercaptoethanol, as the monomer A, 
was mixed with triethylamine as a catalyst, with a vol- 
ume ratio of 50 to 1 . The mixture obtained thereby was 
placed in the condensing chamber 26 of the first-stage 
particle modifying device 21 A shown in Figure 5, and, 
by heating to 373K at atmospheric pressure using the 
heating device 7, a mixed vapor of 2-mercaptoethanol 
and triethylamine was produced. 
[0567] The base particles used were particles of car- 
bon black with an average geometric diameter of 1um 
[0568] The base particles, along with argon gas, were 
cooled and introduced through the particle intake 4 into 
the mixed vapor atmosphere of 2-mercaptoethanol and 
triethylamine in the mixing section 22. Next, in the mix- 
ing section 22, the mixed vapor of 2-mercaptoethanol 
and triethylamine was cooled, and the introduced base 
particles were exposed thereto for 2 minutes. Conse- 
quently, 2-mercaptoethanol and triethylamine con- 
densed on the surface of the base particles. 
[0569] Next, in the second-stage particle modifying 
device 21 B shown in Figure 5, terephthaloyl chloride, as 
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the monomer B t was placed in the condensing chamber 
26, and, by heating to 483K at atmospheric pressure us- 
ing the heating device 7, a vapor of terephthaloyl chlo- 
ride was produced. 

[0570] Then the foregoing base particles with s 
2mercaptoethanol and triethylamine condensed there- 
on, along with the argon gas, were cooled and intro- 
duced through the particle introducing pipe 24 into the 
vapor atmosphere of terephthaloyl chloride in the mixing 
section 22. io 
[0571] Next, in the mixing section 22, the vapor at- 
mosphere of terephthaloyl chloride was cooled, and the 
introduced base particles were exposed thereto for 2 
minutes. Consequently, a polymerization reaction, us- 
ing as a catalyst triethylamine contained in the base par- 
tides, took place on the surface of the base particles 
between 2-mercaptoethanol and terephthaloyl chloride, 
forming a film of 2-mercaptoethanol-terephthaloyl chlo- 
ride co-polymer. 

[0872] Formation of the foregoing co-polymer film 20 
yielded modified particles (64) according to the present 
embodiment. In other words, the base particles (64) 
were obtained by the same method as in Example 61 . 
When measured by the optical detecting device 3, the 
modified particles (64) were found to be substantially 2S 
uniform in quality and size, with a primary diameter of 
4um 

(EXAMPLE 65) 

30 

[0573] First, in the particle modifying device 1 A shown 
in Figure 4, 1 ,6-diisocyanate hexane, as the monomer 
A, was supplied to the condensing chamber 2. The in- 
terior of the condensing chamber 2 was pressurized 
through the pressurizing/depressurizing opening 6, and 36 
heated to 483K by the heating device 7, producing a va- 
por of 1 ,6diisocyanate hexane. 

[0574] Then, as the base particles, titanium oxide par- 
ticles having a primary diameter of 0.5ujti were intro- 
duced, along with nitrogen gas, through the particle in- *o 
take 4 into the vapor atmosphere of 1 ,6-diisocyanate 
hexane in the condensing chamber 2. 
[0575] Next, the 1 ,6-diisocyanate hexane vapor in the 
condensing chamber 2 was adiabatically expanded, 
and the introduced base particles were exposed thereto 4 $ 
for 3 minutes. Consequently, 1 ,6-diisocyanate hexane 
condensed on the surface of the base particles. 
[0576] Next, in the particle modifying device 1 shown 
in Figure 4, 1 ,6-hexanediol, as the monomer B, was sup- 
plied to the condensing chamber 2. The interior of the so 
condensing chamber 2 was pressurized through the 
pressurizing/depressurizing opening 6, and heated to 
463K by the heating device 7, producing a vapor of 
1 ,6hexanediol. Then the foregoing base particles with 
1 ,6diisocyanate hexane condensed thereon were intro- ss 
duced, along with the nitrogen gas, through the particle 
intake 4 into the vapor atmosphere of 1 ,6-hexanediol in 
the condensing chamber 2. 



[0577] Next, the 1 ,6-hexanediol vapor in the condens- 
ing chamber 2 was adiabatically expanded, and the in- 
troduced base particles were exposed thereto for 20 
minutes. Consequently, a polymerization reaction be- 
tween 1 t 6diisocyanate hexane and 1 ,6-hexanediol took 
place on the surface of the base particles, forming a film 
of a resin resulting from this polymerization reaction. 
[0578] Formation of the foregoing resin film yielded 
modified particles (65) according to the present embod- 
iment. When measured by the optical detecting device 
3, the modified particles (65) were found to be substan- 
tially uniform in quality and size, with a primary diameter 
of 2.5um 

(EXAMPLE 66) 

[0579] Using the particle modifying device 1 shown in 
Figure 1, 1 ,3-phenylenediisocyanate, as the monomer 
B, was pressurized and heated to 533K, producing a va- 
por thereof. Then 1 ,4-benzenedithiol, as the monomer 
A, was mixed with triethylamine, forming, as the base 
particles, mixed particles with an average geometric di- 
ameter of 1ujm. 

[0580] Then the mixed particles were introduced, 
along with argon gas, into the vapor atmosphere of 
1 ,3-phenylenediisocyanate in the condensing chamber 
2 of the particle modifying device 1 . Next, the foregoing 
vapor was adiabatically expanded, and the introduced 
mixed particles were exposed thereto for 15 minutes, 
condensing 1 ,3-phenylenediisocyanate on the surface 
of the mixed particles. Consequently, a polymerization 
reaction took place between 1,3-phenylenediisocy- 
anate and 1,4-benzenedithiol, forming a film of a resin 
resulting from this polymerization reaction. 
[0581] Formation of the foregoing resin film yielded 
modified particles (66) according to the present embod- 
iment. When measured by the optical detecting device 
3, the modified particles (66) were found to be substan- 
tially uniform in quality and size, with a primary diameter 
of 2um 

(EXAMPLE 67) 

[0582] Using the device shown in Figure 4, modified 
particles (67) were prepared by the same operations as 
in Example 65. First, in the condensing chamber 2 of 
the particle modifying device 1A, diethylene glycol, as 
the monomer B, was pressurized and heated to 443K, 
producing a vapor thereof. Then 1,4-phenylenediisocy- 
anate, as the monomer A, was mixed with C.I. Pigment 
Blue (Ciba-Geigy Japan Limited product; a phthalocya- 
nine pigment), forming, as the base particles, mixed par- 
ticles with an average geometric diameter of 1um 
[0583] Then, in the condensing chamber 2 of the par- 
ticle modifying device 1 , triethylamine, as a catalyst, was 
pressurized and heated to 353K, producing a vapor 
thereof. 

[0584] Next, the mixed particles were introduced, 
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along with nitrogen gas, through the particle intake 4 into 
the vapor atmosphere of diethylene glycol in the con- 
densing chamber 2 of the particle modifying device 1 A. 
Then the foregoing vapor in the condensing chamber 2 
was adiabatically expanded, condensing diethylene gly- 
col on the surface of the mixed particles. 
[0565] Next, the mixed particles with diethylene glycol 
condensed thereon were introduced Into the vapor of 
triethylamine in the condensing chamber 2 of the parti- 
cle modifying device 1 , after which the foregoing vapor 
was adiabatically expanded, and the mixed particles 
were exposed thereto for 20 minutes. Consequently, a 
polymerization reaction between 1 ,4-phenylenediisocy- 
anate and diethylene glycol took place on the surface of 
the particles of C.I. Pigment Blue 199, forming a film of 
a resin resulting from this polymerization reaction. 
[0586] Formation of the foregoing resin film yielded 
the modified particles (67) according to the present em- 
bodiment. When measured by the optical detecting de- 
vice 3, the modified particles (67) were found to be sub- 
stantially uniform in quality and size, with a primary di- 
ameter of 2um. 

(EXAMPLE 68) 

[0587] Using the device shown in Figure 1, modified 
particles (68) were prepared by the same operations as 
in Example 66. First, isophoronediisocyanate, as the 
monomer B, was pressurized and heated to 483K, pro- 
ducing a vapor thereof. Particles of a solution of 4-mer- 
captophenol. as the monomer A, dissolved in ethanol, 
with an average geometric diameter of 1um, were intro- 
duced, as the base particles, along with argon gas, into 
the vapor atmosphere of isophoronediisocyanate. 
[0588] Then the foregoing vapor was adiabatically ex- 
panded, and the introduced particles were exposed 
thereto for 15 minutes, condensing isophoronediisocy- 
anate on the surface of the particles of the ethanol so- 
lution of 4-mercaptophenol. Consequently, a polymeri- 
zation reaction took place between 4-mercaptophenol 
and isophoronediisocyanate, forming a film of a resin 
resulting from this polymerization reaction. 
[0589] Formation of the foregoing resin film yielded 
the modified particles (68) according to the present em- 
bodiment. When measured by the optical detecting de- 
vice 3, the modified particles (68) were found to be sub- 
stantially uniform in quality and size, with a primary di- 
ameter of 3um 

(EXAMPLE 69) 

[0690] Using the device shown in Figure 4, modified 
particles (69) were prepared by the 6ame operations as 
In Example 65. First, in the condensing chamber 2 of 
the particle modifying device 1A, 1 ,6-diisocyanate hex- 
ane, as the monomer A, was pressurized and heated to 
483K, producing a vapor thereof. Then, using as the 
base particles the modified particles (65) obtained in Ex- 



ample 65, the modified particles (65) were introduced, 
along with nitrogen gas, into the vapor atmosphere of 
1 ,6-diisocyanate hexane. Then the foregoing vapor was 
adiabatically expanded, and the introduced modified 

s particles (65) were exposed thereto for 2 minutes. Con- 
sequently, 1 ,6-diisocyanate hexane condensed on the 
surface of the modified particles (65). 
[0591] Then, in the condensing chamber 2 of the par- 
ticle modifying device 1 , 1 ,6-hexanediol, as the mono- 

io mer B, was pressurized and heated to 463K, producing 
a vapor thereof. 

[0592] Next, the modified particles (65) with 1 ,6-diiso- 
cyanate hexane condensed thereon were introduced in- 
to the vapor atmosphere of 1 ,6-hexanediol. Thentheva- 

*5 por of 1 ,6-hexanediol was adiabatically expanded, and 
the modified particles (65) were exposed thereto for 20 
minutes. Consequently, a polymerization reaction be- 
tween 1 ,6-diisocyanate hexane and 1 ,6-hexanediol 
took place on the surface of the modified particles (65) 

20 on which a resin film was previously formed, forming a 
further film of a different resin. 

[0593] Formation of the foregoing resin film yielded 
the modified particles (69) according to the present em- 
bodiment. When measured by the optical detecting de- 
2S vice 3, the modified particles (69) were found to be sub- 
stantially uniform in quality and size, with a primary di- 
ameter of 4pm. 

(EXAMPLE 70) 

30 

[0594] Using the device shown in Figure 4, modified 
particles (70) were prepared by the same operations as 
in Example 65. First, in the condensing chamber 2 of 
the particle modifying device 1 A, 1 ,3-phenylenediisocy- 

36 anate, as the monomer A. was pressurized and heated 
to 533K, producing a vapor thereof. Then, using as the 
base particles the modified particles (67) obtained In Ex- 
ample 67, the modified particles (67) were introduced, 
along with nitrogen gas, into the vapor atmosphere of 

^o 1 ,3-phenylenediisocyanate. Then the foregoing vapor 
was adiabatically expanded, and the introduced modi- 
fied particles (67) were exposed thereto for 3 minutes. 
Consequently, 1,3-phenylenediisocyanate condensed 
on the surface of the modified particles (67). 

45 [0595] Then, in the condensing chamber 2 of the par- 
ticle modifying device 1 , 1 ,4-benzenedithiol, as the mon- 
omer B, was pressurized and heated to 463K, producing 
a vapor thereof. 

[0596] Next, the modified particles (67) with 1 ,3-phe- 
50 nylenediisocyanate condensed thereon were intro- 
duced into the vapor atmosphere of 1 ,4-benzenedithiol. 
Then the vapor of 1,4-benzenedithiol was adiabatically 
expanded, and the modified particles (67) were exposed 
thereto for 30 minutes. Consequently, a polymerization 
55 reaction between 1,3-phenylenediisocyanate and 
1 ,4-benzenedithiol took place on the surface of the mod- 
ified particles (67) on which a resin film was previously 
formed, forming a further film of a different resin. 
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[0597] Formation of the foregoing resin film yielded 
the modified particles (70) according to the present em- 
bodiment. When measured by the optical detecting de- 
vice 3, the modified particles (70) were found to be sub- 
stantially uniform in quality and size, with a primary di- 
ameter of 3. Sum 

(EXAMPLE 71) 

[0598] Using the particle modifying device 21 shown 
in Figure 2, 1,3-pheny!enediisocyanate, as the mono- 
mer A, was placed In the reservoir section 26c of the 
condensing chamber 26, and, by heating to 533K at at- 
mospheric pressure using the heating device 7, a vapor 
of 1,3-phenylenediisocyanate was produced. 
[0599] The base particles used were a mixture of C.I. 
Acid Red 8 (Tokyo Kasei Kogyo Co., Ltd. product; a 
dye), triethylenediamine as a catalyst, di(2-mercaptoe- 
thyl)ether as the monomer B, and water dissolving the 
foregoing. These base particles, along with helium gas, 
were cooled and introduced into the vapor atmosphere 
of 1,3-phenylenediisocyanate. 

[0600] Next, in the processing space 22b, the vapor 
of 1,3-phenylenediisocyanate was cooled, and the in- 
troduced base particles were exposed to the super-sat- 
urated vapor obtained thereby, thus condensing 
1,3-phenylenediisocyanate on the surface of the base 
particles. Consequently, a polymerization reaction took 
place on the surface of the base particles between 
1 ,3-phenylenediisocyanate and di(2-mercaptoethyl) 
ether, forming a film of a resin, 60 as to cover the surface 
of the base particles. 

[0601] Formation of the foregoing resin film yielded 
modified particles (71 ) according to the present embod- 
iment. When measured by the optical detecting device 
3, the modified particles (71 ) were found to be substan- 
tially uniform in size, with a primary diameter of 3pm. 

(EXAMPLE 72) 

[0602] Using the device shown in Figure 5, 1 ,4-diiso- 
cyanate butane, as the monomer A, was placed in the 
reservoir section 26c of the first-stage particle modifying 
device 21 A, and, by heating to 463K using the heating 
device 7, the space 26b and the processing space 22b 
of the first-stage particle modifying device 21 A were 
filled with a vapor of 1 ,4-diisocyanate butane. 
[0603] The base particles used were a mixture of car- 
bon black and polystyrene resin (average geometric di- 
ameter 1u/n). These base particles, along with argon 
gas. were introduced through the particle Introducing 
pipe 24 into the vapor atmosphere of 1 ,4-diisocyanate 
butane in the processing 6pace 22b of the first-6tage 
particle modifying device 21 A. Next, in the processing 
space 22b, the foregoing vapor was cooled, yielding a 
super-saturated vapor, and condensing 1 ,4-diisocy- 
anate butane on the surface of the base particles. 
[0604] Next, ethylene glycol, as the monomer B, was 



mixed with triethylamine as a catalyst, with a volume ra- 
tio of 95 to 5, and placed in the reservoir section 26c of 
the second-stage particle modifying device 21 B, and 
heated to 403K using the heating device 7, producing a 

s vapor thereof. 

[0605] Then the foregoing base particles with 1 ,4-di- 
isocyanate butane condensed thereon, along with the 
argon gas, were cooled and introduced through the par- 
ticle intake 4 into the vapor of ethylene glycol and tri- 

10 ethylamine in the second-stage particle modifying de- 
vice 21 B. 

[0606] Next, in the mixing section 22, the foregoing 
vapor was cooled, yielding a super-saturated vapor, and 
condensing ethylene glycol and triethylamine on the 

?5 surface of the base particles with 1 ,4-diisocyanate bu- 
tane previously condensed thereon. Consequently, a 
polymerization reaction took place on the surface of the 
base particles between 1 ,4-diisocyanate butane and 
ethylene glycol, forming a film of a resin. 

20 [0607] Formation of the foregoing resin film yielded 
modified particles (72) according to the present embod- 
iment. When measured by the optical detecting device 
3. the modified particles (72) were found to be substan- 
tially uniform in size, with a primary diameter of 4ujti. 

25 

(EXAMPLE 73) 

[0608] Using the device shown in Figure 5, modified 
particles (73) were prepared by the same operations as 
30 in Example 72. First, in the first-6tage particle modifying 
device 21 A, isophoronediisocyanate, as the monomer 
B, was placed in the reservoir section 26c, and heated 
to 493K, yielding a vapor thereof. 
[0609] The base particles used were liquid particles 
3S made of a mixture of C.I. Acid Blue 92 (a dye), sodium 
hydroxide, bisphenol A as the monomer A, and water 
dissolving the foregoing. These liquid particles, along 
with helium gas, were cooled and introduced into the 
vapor atmosphere of isophoronediisocyanate. Next, the 
40 foregoing vapor was cooled, yielding a super-saturated 
vapor, and condensing isophoronediisocyanate on the 
surface of the liquid particles. 

[0610] Next, in the second-stage particle modifying 
device 21 B, 1 ,4-diisocyanate butane, as the monomer 
45 B, was placed in the reservoir section 26c and heated 
to 463K, producing a vapor thereof. The liquid particles 
with isophoronediisocyanate condensed thereon, along 
with the argon gas, were introduced into the vapor of 
1 ,4-diisocyanate butane. 
so [0611] Next, the foregoing vapor was cooled, yielding 
a super-saturated vapor, and, by exposing the liquid par- 
ticles to the super-saturated vapor, 1 ,4-diisocyanate bu- 
tane was further condensed on the surface of the liquid 
particles. Consequently, a polymerization reaction took 
55 place on the surface of the liquid particles among 1 ,4-di- 
isocyanate butane, isophoronediisocyanate, and bi- 
sphenol A, forming a film of a resin so as to cover the 
surface of the liquid particles. 



30 



35 



40 



45 



60 



47 



93 



EP 0 91 6 394 A2 



94 



[0612] Formation of the foregoing resin fiim yielded 
the modified particles (73) according to the present em- 
bodiment. When measured by the optical detecting de- 
vice 3, the modified particles (73) were found to be sub- 
stantially uniform in size, with a primary diameter of 
3. Sum 

(EXAMPLE 74) 

[0613] Using the device shown in Figure 4, modified 
particles (74) were prepared by the same operations as 
in Example 65. First, in the particle modifying device 1 A, 
2-mercaptoethanol, as the monomer B, was pressu- 
rized and heated to 403K, producing a vapor thereof. In 
the particle modifying device 1 , triethylamine, as a cat- 
alyst, was pressurized and heated to 353K, producing 
a vapor thereof. Meanwhile, solid particles of 1,4-phe- 
nylenediisothiocyanate, as the monomer A, were pre- 
pared as the base particles, with an average geometric 
diameter of 1.5um 

[061 4] Next, the 6olid particles were introduced, along 
with nitrogen gas, into the vapor of 2-mercaptoethanol. 
Then the foregoing vapor was adiabatically expanded, 
condensing 2-mercaptoethanol on the surface of the 
solid particles. 

[0615] Next, the solid particles with 2-mercaptoetha- 
nol condensed thereon were introduced into the vapor 
of triethylamine in the particle modifying device 1. Then 
the foregoing vapor was adiabatically expanded, and 
the solid particles were exposed thereto for 20 minutes. 
Consequently, a polymerization reaction between 
1,4-phenylenediisothiocyanate and 2-mercaptoethanol 
took place on the surface of the solid particles, forming 
a film of a resin so as to cover the surface of the solid 
particles. 

[0616] Formation of the foregoing resin film yielded 
the modified particles (74) according to the present em- 
bodiment. When measured by the optical detecting de- 
vice 3, the modified particles (74) were found to be sub- 
stantially uniform in quality and 6ize, with a primary di- 
ameter of 3um. 

(EXAMPLE 75) 

[0617] Using the device shown in Figure 4, modified 
particles (75) were prepared by the same operations as 
in Example 65. First, in the particle modifying device 1 A, 
1 ,4-benzenedithiol, as the monomer B, was pressurized 
and heated to 533K, producing a vapor thereof. In the 
particle modifying device 1 , triethylamine, as a catalyst, 
was pressurized and heated to 353K, producing a vapor 
thereof. Meanwhile, solid particles of silicontetraisothi- 
ocyanate, as the monomer A, were prepared as the 
base particles, with an average geometric diameter of 
1pm. 

[061 8] Next, the solid particles were Introduced, along 
with nitrogen gas, into the vapor of 1 ,4-benzenedithiol. 
Then the foregoing vapor was adiabatically expanded, 



condensing 1 ,4-benzenedithiol on the surface of the sol- 
id particles. 

[0619] Next, the solid particles with 1 ,4-benzenedithi- 
ol condensed thereon were introduced into the vapor of 
s triethylamine in the particle modifying device 1 . Then the 
foregoing vapor was adiabatically expanded, and the 
solid particles were exposed thereto for 20 minutes. 
Consequently, a polymerization reaction between sili- 
con tetraisothiocyanate and 1 ,4-benzenedithiol took 
10 place on the surface of the solid particles, forming a film 
of a resin so as to cover the surface of the solid particles. 
[0620] Formation of the foregoing resin film yielded 
the modified particles (75) according to the present em- 
bodiment. When measured by the optical detecting de- 
ls vice 3, the modified particles (75) were found to be sub- 
stantially uniform in and size, with a primary diameter of 
2pm. 

[0621] As discussed above, in the surface modifica- 
tion method according to the present invention, surface 

20 modification could be suitably performed by exposing 
base particles including a monomer A to a super-satu- 
rated vapor of a monomer B, condensing the monomer 
B on the surface of the base particles, and causing a 
polymerization reaction between the monomers A and 

2S b on the surface of the base particles, thus forming a 
polymer film. Further, the modified particles according 
to the present invention, obtained by means of the fore- 
going method, were substantially uniform in quality and 
size. 

30 [0622] Incidentally, examples of saturated aliphatic 
hydrocarbons, unsaturated aliphatic hydrocarbons, sat- 
urated aromatic hydrocarbons, unsaturated aromatic 
hydrocarbons, saturated heterocyclic compounds, and 
unsaturated heterocyclic compounds which may be 

3S used for the organic particles mentioned above are as 
set forth below. Further, the saturated heterocyclic com- 
pounds and unsaturated heterocyclic compounds may 
be polycyclic compounds. 

[0623] Specific examples of satu rated aliphatic hydro- 
40 carbons include n-eicosane, 1-eicosanol, acetoamide, 
acetylacetoamide, acetoxyacetic acid, N-acetylethylen- 
ediamine, 1,4-cyclooctanediol, 1,10-decanedicarboxyl- 
ic acid, 1 ,2-decanediol, 1,2-hexadecanediol, decanoic 
acid, butanedioic acid, glyoxylic acid monohydrate, tet- 
45 rahydrodicyctopentadiene, stearic acid, methyl tri- 
cosanate, 1 ,3-dichloroacetone, isopropyl myristate, 
[(1S)-endo-J-(-)-borneol, and diethyl-bis (hydroxyme- 
thyl) malonate. Specific examples of unsaturated 
aliphatic hydrocarbons include olefins such as 2-nor- 
bornene. 

[0624] Specific examples of saturated aromatic hy- 
drocarbons include 2-acetonaphthone, 4-acetyIben- 
zonitryl, 2-aminobiphenyl, 2-amino-2\5-dichlorobenzo- 
phenon, decafiuorobenzophenon, decanophenon, 
ss naphthalene, 2,4-dibromoaniline, 1,4-naphthoquinone, 
1 ,4-diaminoanthraquinone, 1-naphthol, benzoic acid, 
and fluorene. Specific examples of unsaturated aromat- 
ic hydrocarbons include acenaphthylene. 
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[0625] Specific examples of saturated heterocyclic 
compounds include heterocyclic compounds having ar- 
omaticity, such as 2-acetyl-5-bromothiophen, 3-acetyl- 
2,4-dimethylpyrrole, 3-amino-2-chloropyridine, 3-hy- 
droxy-2-nitropyridine, furfuryl sulfide, 2-furoic acid, 
1 ,2,4-triazole, 2-thiopheneaceticacld, and 1 -phenylpyr- 
role; and polycyclic compounds such as 3-acetylcuma- 
line, 2-aminobenzothiazole, dibenzofuran, 1,7-phenan- 
throline, 7,8-benzoquinoline, benz imidazole, benzo- 
furan-2-yl*methylketone, 2-chloroquinoline, quinoxa- 
line, and phenothiazine. 



Claims 

1. A method of manufacturing modified particles which 
comprises exposing particles to a super-saturated 
atmosphere of a modifying agent for modifying sur- 
face properties of the particles, and condensing the 
modifying agent on the surface of the particles, 
wherein: 

the particles include a monomer A; 

the modifying agent comprises a monomer B, 

which differs from and is pofymerizable with mono- 
mer 

A; and 

monomer A is caused to polymerize with 
monomer 

B condensed on the surface of the particles. 

2. A method according to claim 1, further comprising 
the preliminary step of exposing core particles to a 
super-saturated atmosphere of monomer A and 
thereby causing monomer A to condense on the 
surface of the core particles. 

0. A method according to claim 1 , wherein the parti- 
cles are of monomer A alone. 

4. A method according to any one of claims 1 to 3, fur- 
ther comprising the steps of: 

exposing particles including the polymer of 
monomers A and B to a super-saturated vapor 
of a monomer C thereby causing monomer C 
to condense on the surface of the particles; and 
exposing the particles with monomer C con- 
densed on the surface thereof, to a super-sat- 
urated vapor of a monomer D which differs from 
and is polymerizable with monomer C, thereby 
causing monomer D to condense on the sur- 
face of the particles, and causing polymeriza- 
tion between monomers C and D on the surface 
of the particles. 



6. A method according to any one of claims 1 to 4, 
wherein after polymerization, impurities contained 
in the particles are eliminated. 

5 6. A method according to claim 5, wherein impurities 
are eliminated by dissolution in water. 

7. A method according to any one of claims 1 to 6, 
wherein monomers A and B co-polymerize to form 

70 a cross-linked structure. 

8. A method according to any one of claims 1 to 7, 
wherein one of monomers A and B includes a com- 
pound having at least two amino or Imino groups, 

*s and the other includes a compound having at least 
two haloformyl groups, at least two carboxylic an- 
hydride groups or at least two aldehyde groups. 

9. A method according to any one of claims 1 to 7, 
20 wherein one of monomer A and B includes a com- 
pound having two or more sulfonyl halide groups. 

10. A method according to claim 9, wherein the other 
of monomers A and B includes a compound having 

^5 two or more hydroxy I groups, two or more mercapto 
groups, or two or more primary and/or secondary 
amino groups, or at least one each of two or more 
substituents selected from hydroxyl, mercapto, pri- 
mary amino and secondary amino groups. 

30 

11. A method according to any one of claims 1 to 7, 
wherein one of monomers A and B is a compound 
Z having as functional groups two or more halogen- 
ated acyl groups, and the other is a compound Y 

& having as functional groups two or more hydroxyl 
groups, two or more mercapto groups or at least 
one hydroxyl group and one mercapto group. 

12. A method according to any one of claims 1 to 7, 
40 wherein one of monomers A and B is a compound 

X having as functional groups at least two isocy- 
anate groups or at least two isothiocyanate groups, 
and the other is a compound Y having as functional 
groups two or more hydroxyl groups, two or more 
45 mercapto groups, two or more primary and/or sec- 
ondary amino groups, or at least two functional 
groups selected from hydroxyl, mercapto, primary 
amino and secondary amino groups. 

so 13. A method according to any one of claims 1 to 12, 
wherein the step of polymerizing monomers A and 
B is repeated a plurality of times. 

14. A method according to claim 13, wherein different 
& respective monomers are polymerized for at least 

two of the plurality of repetitions. 

15. A method according to any one of claims 1 to 14, 
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wherein the particles are of a mixture of two or more 
substances. 

16. A method according to any one of claims 1 to 15, 
wherein the particles are liquid. s 

17. A method according to any one of claims 1 to 16, 
wherein of the monomers A and B, at least mono- 
mer B is liquid at room temperature. 

10 

1 8. A device for manufacturing modified particles, com- 
prising: 

a particle introducing section (4, 24), into which 
particles containing a monomer A are admitted; *s 
a condensing section (2, 26), in which is formed 
a super-saturated vapor of a monomer B differ- 
ing from and polymerizable with monomer A; 
and 

a mixing section (2, 22), which exposes the par- 20 
tides admitted through the particle introducing 
section (4, 24) to the super-saturated vapor of 
the monomer B in the condensing section (2, 
26), thereby to cause monomer B to condense 
on the surface of the particles, and to cause po- 25 
lymerization between monomers A and B on 
the surface of the particles. 

19. A device according to claim 18, further comprising 

an impurity eliminating section (50), which elimi- 30 
nates impurities contained in particles discharged 
from the mixing section (2, 22). 
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